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PREFACE. 



Tuis Work r!i-jij,'ncJ to illiLstrnt j i\r.il iuva-li^'ul.- t!ic 
|tractice of Eoglkh Loooutotivo Eogines at the preneot 
dt,y, ud to praaent tin iwMt reocnt •Malnmauta in Am*- 

rican practice. 

The foUowtug exlubition of recent praclioe may also hv 

ou Railway Macttixtrt by mic of the nnthi rB. Certain 
tofUGB of importance, tberejn tnateil with oompaiative 

Itngth. Tlie CoiLitructicn of Bn:!i?rs ami (fic PrtK'tin- of 
Co&l tiornuig are the doportmenta in wbicli cliielly Kail- 
njr Laeamothre E ii g iiwii g Im laqnni^ end, im the 
ICngtish cliTiEion, they occupy aocordin^y fajr ftr the 
lai;gciit amount of space in the Work. 

yti& mpiA to tim OnrtraeUmi of ttoOm, tbe im- 
^llll»WMlln in the mano&ctare of iron and iteel hnvt 
*«y gnMy iiromnU'iI the excellvnco of steam- boilers tar 
high jirvaaure ; and thevaluaUt; ex[icritneri<al ir^sults tbst 

have Un-ii nl>taiiieil on the ctnngUi of rivettad and 
welded plate joints, herein rdafed at lengtli, ue likely to 
pimot eeaeutial aervio tu t'n<' I uiliiers of hi(;li-pMBMiia 
hoifaw. in tbe dittribuUon of uatariol and tJiaoaiMtni^ 
tkBofdiBjeintk 

Ab to the second principal suljj.At of the Euyhili divi- 
aioa— the wMrking «f tlia boilen, the oombnition of fad, 
and flia geaeiatioB tit ateam— (he vbole qwatieo of tiia 

Cfimhti^tion of coal, and its use in lociDmcti . im. i., ireatwl 
eompletely and in great detail, and it profnaely iUtustnted 
bjr vDod-entaL It it elaw tiiat tba i m iw i ial abandon- 

II. I'll', nf riike ft'i fv.i'l, Mi'i a ri'v.Tsion to the use of tli'.- 
combuttible in ita normal ooudilion a* «onl, will, in the 
oonreaof a lew ymr*, beoome an aeeowpttihed ftet, m it 

is now ill r»]<id progresi* of ftil6huent. The iujiuediatc 
motive for such a change of practice is the neoeaai^ for 
iwdnaiBit the expenditure on railways, in order to rain 

the divideudi At tl.i:- oo-.t, of oitc.- is iiifvs^Trily LT"-it-i'i' 
than that of coal, and inaamuch aa, under a proper avbt^tu, 
ftpooadorMaldaM M OHub dalgr a iMmil of «dB— 



Sraqoonlly nmri- t!ll•^! is, i.f i.'K.nomized tlic wiiole 

diflSuvDW in coat of tlw two deecriptiona of bud. But 
tbara 11 tin nniHwear amike tAwatend wKti m tbe nil- 

ways using coil, » h.::i cunl in unl c;>i;i|i!el<-1y tnirncd, 

I and the amoko prevented, particularly in i-unning witltoat 
tha alein an, aud ia mltt^ at atalidda. la the 61- 

lowif i^- [ A.'^:-^ it will be f.hown, that tl.i' ].r:;h!iMii .if .tiv.nka- 

Iprevantiou on railways has been Adly solved — that by 
aimpla maanB anioka may be pnratod with t Sk i mef 

and eo"nn;ny. Thr (cnii "mtKike iitiiimrice'" is rclativ in 
it* aij^niili^uuii, dejiendent on tbe viewe and taslts u{ 
n31#qr: tikvaliaB; bat tlia tenn ■aoks-pnnnntiao'' ia 

afcealnte^ and tbosc systems by n-hich MmIm !■ tttinl]^ 
prevented nilut bo considrred Ute Itstit 

The SiUUy-vtlm ef LocoiootiTes have received far- 
ther illnatration and disciusion in ttus Work; and Ihi? 
interest attached to this question is all tlte gr«atei', by 
reason of the comparativ* frequeney of boiler-explo- 
sons. Prompt action and ample are* of tttnga m the 
things wanted in a safety-valve; such as are siifffriunt fo 
prevent, under uny circunutanoea, the elevation of th« 
pevaauro in the boikr uatarially alMve that to whiab (be 
aaftty-valve is adjuted. 

In the UedianinD of the Leeewetive, (bare bea teaa 
Dothiiic a«w wotdqr of ipecial aotiei^ iritb tbe omptio* 
of one or two sinplifled varieMet of piston, the ttraigbt- 

link luotion. and tlio borxi T ■ i ly n>- Additional eviileinrc 
j is adduced to eliow the advantage of halanning the reci- 

fToeating nw diaM ui of (ba «i^b% in praaetiiig (ha 
" stc'udiih"N ' r the toaonoUn «( high tfttit, and (he 

I I eoooomy of I'uoL 

A wmmaiy no(ia» ef (bo maet recant tiditotkma in 
' till' w.rktng propoitioiie and BRU||aniHiili of looamo- 

Itivee is a<lded. 
With iMpeet to (bo Amriean dlfttbaor (Ua Work. 

■nri'.tc!! hy .Mr. Zt>rtih ("clhi.im it U n ro-nrd of AniiTi'-^iti 
ttxperianoe from an American (Kiiot of view, and may 
j bo atudlKlirithadnHitafBobgrB^^aiiciDam U la 
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PREPACt 



iaterwUng for the orii^nnlit v Mid TCHBKb it dispUys, luid 
it in vsluit)>ln f>ir Die really pnctical inforniiition it atfonti 
Ur. Colborn is • loeonwthw MigiiMar of acknowlcdfod 
rtMnKng, wHI known m4 •niiiwtfttad in <Im XTnitod 
Sutm (I't )i» g«nera) ability anil |iiactieal aia|uirem«nlii. 
Ha Mul Mr. A. !>. VLcilef, of Maw York, • riii^g cngtaaar, 
wr»<lw jgiiit«iiiflMn«af Bimyncfiil and origfaiBl woik 
on ICjKi'i'K.iN- Railwatr, U> w\n<h thr mulcr i* rffernvl 
for » unfal ami suggeaUve diaeuMioa on Ui« ooupantive 
netita «f BoniMan and AmMioin laflwaya 

A History of the Ititrodui ti ni .Ui l Progri'M uf Loooiiio 
t^v« Engioes in the UntteU ■Stat«i inCrodaces the Aineri- 
eaa diviiloii. and tlwrt ia no Mh/t tint aach » Matetjr, 

now f-r tht- I'nit 1:rn.- j.ul.li-.li. il, wlB ba IHCeiv'-il wilii 
greitt interest by KuglUdi aa w«il uk byAowriaui retuicrs. 

Ab aMijptieal aeDonat of tha thum t triMa fMtma of 
AaM(kHi«iig|iBatisa4dad.abowiDg(lnt.iia tba tXniM 



Staiaa, loemwtiTCa hava gradoally anMdad into one graat 

pattern for puaeo^ traffic and into a very few fiattertiH 
fiwgoodatiaiGi^nndK tha yaiwMiaonditiaiiM of aueb traffic 
Oouadinbla apan^ idae, i* derctad to t1» Materials 

employed in Ameriotit locnmotivtH. na well an to the con- 
aUnetiooal dataib; and a valuable chapter k adiiad on 
the COBl-bnniuig koomothras of the TFnItad Statca. 

The *ngTSTe>i illiistrntinn» oDilMKly the l)e-Ht ami moat 
reeant practioa of the pfeaent day, boUi in Kngbmd and 
in dia Vnitad States; and a eorapaneoa of tlw varhaa 
English ilwijfim with the few Atnerii -.m . n wiipli-s, nill 
niggHi, to meet people tbe expedition vritli which tbe 
Amakan niDd, nnlniianHlled by pw ae d ent, ean anrivn 
at pnwtieBl flonalannui. 

D. K. CLAREL 

II. Anui Srasar, Apsuvi, 
Lesoaa, AMmiar, UB. 
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THE LOCOMOTIVE ENGINE. 



DIVISION I.-ENGLISH LOCOMOTIVES. 



ANATOMY OF THE BOILER. 



CHAPTSB L 

On THK Ten'<ilk SruENurn of Boilsr Putk 

As tin demiuid for powar inerMies in the lommotivo^ 
tlm fa a oorratpondillg Meiadty for ateam at v«ry high 
presRure. Working presurea varying from 100 Iba to 
liO Ihs. jjcr BijujirH iiicli aie now eomiBOa in loeMBOtlve- 
boUera, aad t]M qoMtioD of the touila atmigth of boilar- 
plate rini into huportaiioa. Ik u needM to datannim 
tho alMgliite ■tRnglh «f the aalUI piit«v diitiaatly ftm 
tiMor tilt rivett«dpki«i, aad to find In wlitt w^r tU 
•tength of pht« mqr b* the iMik afltetid by tto on. 
wvOMb riavUad iMi^-HnwvaidaUe atlMbiK wirt- 

1*1, F(M twyiNt U tht Stw^ ^ SiXiA J%rfM— 
TlwMirUMtneoit^ triabdf tUatmgtlicf boil«r>i)iat«v 
tn thaw of lb. AirUn, oNda in ItSfl^ in wliieb to 
fimnd thetauib ■tamgUi of pkiat of tlia nljoinad da- 
noniaatiauk in the diraetkn of tba fibre, and term tfw 
flbr^aaftUmre: — 
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Uj'uii tli'L' ivliule. tin; iiin:,ntti!linnl and cniM strengths 
are jmn li.-ully tin; Bamr. -'J t'ms j^.t 8<|Uiire inch.* But, 
in juirtii'ulur fji,Hj-r*, cuuj'iiiiji-al'lo iJiH*ereDc«s are observable 
l^'twriTi thr l:>n;.'il.u>lill;il liUii tlif Ol'o-o btlvligtlis, ilue 
pru'^ilily til tlii5 jiirl iiMjliir u;' [iJiisi,- lulujiieil in the 

mauul/.ttunv Till' yurk.il-.irf jilnltis art uii>rk«illy litronger 
thou tiie olheis, having a teniiile strength of 25) loos per 
wjuare io«k; that cf tto otkaiB amqging SI toaa par 
inch. 



• lb lUrlwini's niw iwOH^ MiM*4 fiw that < 

(Inqglhs of tiic pla<M. U in higlm ii> cragm procDnd br mKkint; 
W« Hfanto «aitins tt YaiUiin wlildi art is Mw ilwn 
tpNaiita alitai Bi aM I 



Nr. EJwin Clark, !i,-> i l i;nj, from varinus triaU of 
knJer-pUtti from L^t^rliVnliiit:, Slirdpuhire, and Staiibrd- 
ahire, tluit tJie r»ulUi wi-re nearly alike vriih thct diSerenl 
aamplM; that tlie maao tmxilc stron^^h with the grain 
was 20 ton* per tquaia Ineh, and across tlie fjnixk 17 ton* 
per inch.t Thcne rv!<nltis though tb«y do not enUra|)r 
aword witli those of Mr. Fairbairn, aliow th« propriatijr 
of pbciag the fibre of boilar-plale ta the direction of the 



In tha waiaa of exparimenli eoodnrjod bj ]fi^ ] 
tolia wbaeqaentiy d i w — ed^ the twaU^g i w l f i ht of S>ifr 

aqnaie lnali,iri& plataa i and i indi lUak} aad it wai 
notnatariallyaAatadli^thatiiiifaiesu Byiasnttaiii 
al Wodwidi daalqwd, tto tanila BtnagUi efStalfod- 
aitira nlatB% taqri^g in tMalnw linm i indi to \ inah, 
ma noad to In iinit waly abont SO tona per aquan indi 
of atetion. iadapendaatlj flf tha tUdcaaN. 

The beat Ameriean boil ei^plata forloeonotiTaa ia itetad 
by Mr. Zenh GUhun to have n laMia itnagdi of 
70,000 Ibe., or above St tons pvr siuara JnA Of iHlian; 
and that of Uin ordin:try i lntf for J tWBUlt ta^ il itidta 
be 60,000 lbs,, or 27 Uu.i j« r n<iuaminoll. 

Caot-sceel boiler-plate is niouufiictured at BhiAlidt of 
great xtrvogth, tenacity, and toughnoia. It ia aaid to 
)inv..^ II i.-ii.<iie strength of 40 to W tooa par aqpum indi} 

oaii to make cxrrlli'nt boilers. 

Ufion ilio whili.', Kn^'lisli boifer- plates ate of two 
closxe!' — Y .ik-l.^rf, urii liio innuufii«tijr8 of other distliota 
class.?.! ti .j;i U,i-r as " Staffordshire." The ultimat« teosila 
strengths of builer-iilates for looomotives, aversfio as Slip 
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Bnt StnJiTil«hlni iroa 

IwT^f .\rii'-Tifi»n iron 
< Ir IlllOTT dc ill/. 



as . 

31 . 
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t Britaaaia and Comwr Talmlsr &M|ei, 1UD. 

I WIhb V* WLJ "bent," wr iman bert , th»t ii to mt. gonl in the 
•npwIattTC (l«gr«e: not empjopng iL.; l.linv~. l:ii;y cf 'i,.; n..il.u- 
flMtasaai^ «te vsoU cdl a uparlattn^ pod yUM, "bed, batt. 
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XNOUSH LOOOMOnVES. 



Hr. Fairlwim feud MptrioMntal^* Oal Mm itongtk 
of ordiDikTTStiflfariihinplatMkaitiMr'vitiiw MMiitlw 
groin, reiiukio* anaAolcd »t tXi kmfmtoHm from <f to 
400° Ksh. Al liigtier tenprntam^ the atnnfUidBclinea. 
until, at a ml linit, it fidk from th* Wdlatiy KTVage of 
so Uini. per inch, to I o\ Uini per IMhi TIm M g fcClt t«l- 

pt;r»turt;s to wliicb the *helli of lommtiw-loOin (M 
cxjupM'il, U tliftt .:if tlin ateaiD they oonldi^ wUdi imuHh 

bcliivr 4«0-, bein;; but 388° for 200 eteHI, Hd IM* 

£>r I tiO Um. »t<?4ni. CVnwqiu-ntly there ia nolUiy to fav 
from tlic lii^li ti;iu|wrature in which boilete are mtked. 

Strength of Copj^er I'latcf. — In co|iper for flie-boxes, 
eouuJneM of matvrial is wanted, rather tJuitt etrengtli. 
That is to say, thr strength of lircV>ox-plat<«, ia, M onli- 
Barilv |>ut tojjothcr. uiUfli un<i«r-taskml -, for, •••cubical 
clinnilxT coiiipc-scd t-ntireiy of flat larfiMiee^ the fire-lwx 
18 slayv'l at ull pointi It will b« shown, in m nueeetiing 
chapter, Itiiw eH't-ciimlly tliti system ot •(■gr-lNlli pHffUei 
the ncwxsary jKiwei' uf ri'!'ii<tiin<"e. 

TIio ultiiDute tensile strvn^h of i-iipjier is Ifi ton» per 
npiare ini'h, ntxioniini; tj the result* of exi>eriuiettl« bjr 
Mr. Kn.Miiirn on stay tj< t • hr, notio'il sulAoiuently. 
lUi rcMstance to coDiprvs^iuu i;i said to be oaiy 3 Vuu* per 
■)iiMt loch. 



CUAPTEK TI. 

Ok tiu Tixstu Strkn'oth or Uivcitbd Joum or 
BotLD-Punt 

,1u-iiis ni l' fi.rmixl vari'.msly : — ]■:• ping tlie plates, in 
tliu oritiiiiiry way; liy butting ll.i' platM, ajiii iMiverhi^ 
the srain vrith a writ or «tnip. Tli.'v ni- ri\i-lt.- ! t,>j;i-thrr 
with a sinijli-' row of rivi'tt4- ■: r !h<'_v nuiy ••• ■;uulile-ri%-ct- 
ti-ii, with two [mralli-l rnv, , . I' r:\'.-.^, iiit.'rnitinij or r.'i^- 
Tji!;. Th" i|ii>»ti'in 19, \\ liii-h 15 thy i^t.'Hiijjest joint? — 
h' •■> iiL'.i.U L-. '.jio :ivii.;:il;|.j hlren^.'th of th« jiUt*? i-ejuc^tj 
l>y the j >iut j Ttierc u luiulber question. Whether the 

nvft-j >iiit ia Bol Wulf to be eopaneded if the welded 

iuiiil ' 

M I . nrA,:i/'ri("« Kj-j^frimfhty — M r K.,irhii;ni. m 1838, 
lii'iii ril li jin exywrinient, that iiuubla-rivetleii laft-joiuta 

m-.-iv >Lr;.i.--r thii:i ti:"-!.-- 5iii-ht. rieetted; Mdttet their 

relalivo vnlite* were «<> fuUuw :— 

Tlndleelni«dieriheeeUdpleltk ... ICO 

RwB»iMeHlheftli»*mM« ri wl*Jjdrt> .„ 10 
TuMlleetrie«iliortb*rio«lM«««tte4JelBl^ ... H 

T-nl i-.. thf il.Mibk'-rivetbed -ijint ha.i In.!. Tn pij' ci^ai. of 
t^u: UiUsile *,Li-eii^tii of the uupitJixvU .^oliil pluie, urul tlie 
isincUvrivetle^l juint only Mi jwr vtMiL 

Ml-. K<i-r:.,. I'!„rl: im th.- I.lri,, „/ Hint,,.— Mr. Clark 
oontcmlrt tluit iIm.- L'-i]\ ut tho rivt't bc.^ls on the plat<-s, 
sripiiliw iin h;i[i.irtiiiit eltmont of stren;.;th to the joints, 
in virtue of the Iri'jtioiial resistance to the siuling of one 
pilato on tlio other, due to the ^'rifi The frii-tiou due to 
the •■hrink.'*;;re of one i-irich rivet, w;ls fouii<l by rivettiri^ 
one jihite Lc'tnvi'u two or more jiiatca, varying the number 



«Bd thkkDMi eTdelMb to tqr tiie efhet erienglk etriwt 
upoathegr^ Bo hied ftwet4Mi>jle>eertwtte< lege- 
tiier, vUh OM HMh rivets the Middle plate Uvi^ m 
al*MglMbi1w«hM& added two Hnchplitei- Ha alto 
t(Mtwi> A-laekphlMtrilli leraA^MkendMn. Ift 
the three eaaee, thio, the liveta ven nepeotivvly IS-SUu, 
SUUM^MdlO^tliakHigimtlwahaBk. AnMci«K«ba 
bmb in the erdar of the lei^ of limli^ the flrielloaal 
r»«i.'<t«ncist were found as followe: — 

Do. S3-I<(.lu< l»ug. ba. do. K looa. 

Showing tliat tlic longer the ehaok, iq> to abcot S iaefaai 
in leogtli at leaett the greater the giipi Ltaglh be 
exoeeaive, howefcr, far, with ahanke aboea 6 er S iuihaa 

! long, the heads are ftMiaM^ydanmolC whan the atnun 
by shrinkage aqjuala the teoda ataength of tlw metaL 
It leeios didioalt of anptiaatfa^ 'why a hmg rivet dtould 
be etnuned more fhan a aboit liret, ea the proportion of 
ebrijikage to the leogtli, and therefore alitu the grip. lun 
naturally prosuined to b« cunetant fur all lengtha. The 
increase of grip is probably doe to the »iine law that 

I rtgutatea tho extension of l>i>1ti< »ulij<vt«d to tenalle 
-struins. aocording to which the rata of el'>ngation ]>er 
unit of length, dwrojuios in ajino ratio aa the length in ■ 
l-n;xvJ^ with the same tensile «traia Convenu;ly, the 
etiforvwl elongation of rivets in cooling, or, more correctly, 
the re-siiiUintTt! it[>]K>t*sl to Nhrintcage, wouhl, iiiiiU'i this 

Ilaw, lie grcstvr, in ]iro[iortion to the length, utitil ulli- 
iivntcly it -.v.ini.l, as in flMi it dM^ equal tbe entire 
Etreni'th l it' t':it i '.vet. 

\V:i;i-.t thi- trictiou by griji u:" ri'. .1 -hea.U, aiiln the 
piiiU'.--i iii tli. ir iv-sistance \>i a iuj;-tiir;:i^ stniiii, the trans 
j vei-se lirri-ii;.'! h ..1' ihe rivets theniselve.s, lo n.'sist wh.it 
Mr. Sti-'pheavui liiw eullr<l the Nlie.irin:; .strnin. must b« 
rinluced: — probably in proportion to the prip It does 
ti»t. therefore, ueeeisarily follow, .Mr. K t'laili <n-eui>i 
to t*r^i;e, tliar. titytiiuse the j^f.:- i-i iiiiKiui^fd by fric- 
tional r-'Ni-t ono So sli.ijug. '-•■Ia'—u tlie two plnt<»i, tho 
etrengtli of rhe j im is by -.f MoirU ini-n-jtwd. Tho longi- 
tu<1iua! ti-ii ]H;i ori th,' r v ••, iinlucinf; grip, redui5cs itJi 
jii.^.T : f ri'si-tai-LV- '.o tl-i s ifarino •itrain. I it.-'iu-; forcible 
elongitti^fn \^ tijuivaient to p-^rti;^1 fr'.tL'M.ii ', wl.t ii .vxcefl- 
»ive, as luw alreaiiy bt^eu !tt.-ii. it i. -ults ob-, Id'.l-I;. iu 
fi'aeture, in wbirh i-.lv. of oi .ir-'^. t:o' i i'ML-.t..urK to alieiir* 
ill^' I'l'ioTii-'s uiithiliL,'. 1 |imu K'.w uliol,-, it i.s prolrible 
that ttio total rrsiKWneu ot u-i-. ■■.tc I j ii.t •■• u' it materially 
I iiiL-reaae-i b\' the frietion of but ij mh- i iiri.>i. on tlfcO 
]j:irt of the rivets, by their truufiversa sectional area; on 
the part of the plate, by its $>:!ctional aica batwaaa aad in 
the eentre line of the rivet-holes. 
I J/r. lii-'-ii'cIn /,'r'M?i'('m>!i)fs on Jti ret -Join Is. — Sutue 
yejirs Kinoe, .Mr. Brunei exi*rinientoil on rivttlnil plate 
joirdit on a Krge .vuile; the plate** wen* -lU inrlies wiilc, 
nni J ineh thick, bntt-joint^.^i, with a ti lling plnl« on 
each side, !) or U> inches <iivp, ami 1 inoli thick put to- 
[ gethcr with rivets, as in the sketch, Fig 1. Tw o jeiirs 
of plates, of best .StaflbnUhire iron, were thus joined with 
Ij {|-inch rivetfl, ten through each plat-.>, being precise 
duplimtee of each other. On being di-awn asunder, the 
iini pair Uied with a force of US t«a»; the ten rivate in 
the upper plate having been rat tbrovgh, and the piste 
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vklt. fa Om MMid pdr, fln flwte Hood | 
ta^olld on dftlu fiolHVM torn tluM«ii Ow ontar 
11m itf lirct^lulo^ vMk R Ibioo of 164 Uma. Hanw^ it ' 
io bditnd, tho otrength of (ho rivsta, upon Um wluHt, 

r« I. 



l»l«BMd tbal of Um pkktM; Um Mttt itnagtii at 
Um jilBt b«isg 158-5 toM Th* toUl MotkniMl ana 
of ton U-ineh livtta, n -375 X 10 sS'YS mihm jnabw: 
•nd UriM tiiii ana, or 7'5 aquan iadn% il Uw Hnomt 
of ihom infiMMb «aah rin* haviog beea ont at two I 
TlNii» tfa* ftaoimnd pkto had 10 X t s 10 tq 
tfanUdatetioB; mdtboMationtakanflinmgkthaiiTCt- 
hola ialM thaatluBl^llxixSslTSqwe iaoh, 
wydi k Um if Mtim poulNd ont; and 10 — W 
«MS iqwn imlMik ia tho ONft of lha fiiefaiMd aaotka. 
. Tho am of ilion nHheaoftlM rivata k lhan | afuai* 
iadirOr aboat 0 por eaat Ian Umii tiMt of tlio psnAod 
■ottm of the pkta. Two aOta duplintcs, tb« nme u 
thoflnt is alt reipocUt exoepi that Ui«y had i-indt rivata, 
wno alao iortod} ud «lM|f i* oaah iM%«kNiq^ 
OM of tko (Mm in (ho outer liao of livatJidMi whh 
loada of 167 tou and H7 tons reipeclivfly; giving n 
I of 1S7 tons breaking weiglit Th« tutol wotionol 
of ita J-inch rivBto, is io «i]itiirv inches, which, 
donbled, amounla U> 9 W{tMr« iochea of section to reai^ib 
ahearing. Tha sectionnl ares of the pUta, in tha line of 
the rivet-boles, b SO — (} x £} X } = 8-125 aquAre incbes; 
and thu-s the sectional area to reaint iJie&ring, h -875 inch, 
or 10 [ler cent, mom tluin that of the punuhcil |>lat«. 

Pnu'liru'.'y, lli'-ri, tin' tw:> rivelt>;-il joints, matle with 
{^inch iidI |-iticl> riv.jt-, Hf.-|ii-oti\ ely, weiu I'ouimI to Iw 
equally bti 'ir^, the iiii'iin liri'--ii.Ji3^' weight* were n_'- 
Bpectively 1 T) ••hik an i iriTiurii Fa the former, the 
H*i.H liinnl artM ^if r:v<!-.s t':i ni'^Ut shearing, ;n f* j-t^i cenL 
Ics-s lliiUL tint 111" t!i-' imnriifil pIuU'; jiri'l In the \:M-.r, it 
in 1(1 [KT crrit. ai'jri:. it ui;iy tin'iii'r !«• irilVrrr-, Oiul tin- 
iiiixiiiioi:! i.f !<'.ri-ii;,'l.li i-i II! tnmi' i wlinii tliu umti; 1 stv- 

tiuiuil ar.M ■. rtlll' ri ' , I : li_- lit hljC-a|-iu„', it lljUMl to tl.i^ 

Bi'iTti iiiiil iin-n lit till? yiliUt llirou;rli tl:i> rivi-t liuli-s; iir, iitlicr- 
wjf^i, wliL-n tlio uiLiti?ii n.r!tiLiUitl urca, sirnjilv, ul' tljo rivet*), 
is equal tJ halftlitf .vfrtiniinl umi uf the pijrjcln-l phite. 

In till !aiiic siTii'H iif i_ix}riri)ti.i!il>. a nuiiili^r of juinta, 
ajnmp-t'il iii in Ki;;, 'J, \n re t<!-sti!ii willi .SintliinlsfiiK plutC!* 
ain! tl>lir_< I it I l.i; siiiio ilitiieu.Hioii.'i lu thiise jiwt Ur-wrilic*! ; 
luid |-ine)i livcw. tive in the ini<lillc rows, »nrl fonr in the 
outer rows, zig-a\g, or, my, Vandyke pattern. Four joints 
were broken, with 1.58, 160. Id, ami 168teaan(lKCtively, 
or a mean lircakin<; weight of I6'2 totU. Tho fracture uf 
llw plato foUowed, ia one OMi^ tha i%<^ oDiuaa of tha 
rivals aad in ti)«<aiB% tiw rimta paftiyftilad; 



iq^tinifMlhikMlofmHlialaiMed j->inU.an<l proving 
WrttdoilMoiOirof iffaabaHaniaUogoi- xig-ag, makaa 
a rather ttrangar joint thao m doiiMa raw of itntt ia 
jwin^ aa preTioiuly teeted. 



• • • • 

I • • • « 



» W W w \, j 



A fUrit Tukfy of Joia* waa taate4 iMtfiic dooa rmn 
of lima m Ud^ and on^ ftur rivota In aaoh raw, aa ia 
dDBtdi,V%aw WHh tbaaaiMainaiid quaU^of |iUa 
•ad fUita aabafln^ and f-iooh rivet*, two JojattoaOk 
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])lan, carried reapectively 171 ton* and 176 tniM nflwiah 
ing weight, or a mean of 173-5 to««, proving; this to be 
decidedly tha atroimeat joint of all. In this caie, the 
riveta, twelve in oumbar, had 10 8 Sinai's iut hes of .shenr- 
ing section, and tlie plate 8^5 iquare inoluM of M-riion in 
the line of the rivet-liolea. TItere i.4 no diiuht iliiil tlio 
rr»luction of the numl>cr of rivcln in the n w f'r-::rii tivc to 
four, compensated by an extra row behind. i» t):e reasmi 
of tlif evtm stri'iii^t]. ■',{ thi.s juint 

T].o stfi'n;^'-th lit" tin- tiiri-^w vimt^tieii of joint's niay now 
be ctini^'Hcd with tlint of tho solid plato. Mr. Brunei 
hrtjlit' tivc s-jli I Statloi Ifhire plates \ inch tliifk, and 12 
\i\ ini'lu'i wiih'. iif lliii -^iinit* t[M.-vIitv a-* o-ii'd iri tiio 
joints; the bimkin;^ «vi^-!it vurj>i t'r -ri I't t tn "i tons 
\»t nquate inch, and tlie uiejn result friv« iti 1^ tuiii break- 
ing weifflit \>f--t snuarL- lueli of si'otiuri of .*>liil plata Th« 
mcqin brcakirii^ wi-ii^lit nf tlic /.\'* zag rivpl-joint was 
20 tons [ler sjiitirc inch ol" " ilid Mo tion in the ntnugbt line 
of the rivet- holes; and that >f tln ji lnts with three row.sof 
rivetK, wi« 20-t UiXMf f-r itu'li: simwitin; that Ihu i»trpn^h 
of the material was prjictii aDy liuicnpiiri il liy tho punch- 
ing; and that the strength of tho well hatance>d ri vetted 
joints, was simply in proportion to the tmn-sverse .sec- 
tional area of solid metal in the mailt line of rivete. Tha 
coraparalivi; Htrengths of tltc w1id|ilBta, the zig Bg doable 
»ivattad^iit» and tha panlW tn|ilo>iiv(M*d jaia^ am 
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Zig-ia^ (itiubte-rivetttxl juUit^ jwr siiuan 

taA*rtbiadid|iliii% mtaa^WMM. 

rf<]MnUdpl>ta, ITWIoii^irMBI. 

IW tlM *ig-i»e dottbb- x ' hrtMJ jotntk vitii doofala 
tth-fhti^ niains foor-fiftha of the antJM atnogth oftlw 
■atal, and the triple-rivetted joint rafHiU fiVMbtlHk 

TInw TMtlte an aBpator to IboM of Mr. Fyrhiiiii on 
hpjohilab and the dmdd* fiah-pbtot or a 4onbl»>irelik 
flMdd btt tnilMwlth ■dhnui^totlM joiatoflf iteMt- 
boHm, Th* doobk fiih or welt doaUn the aflteti** 
ihUhM af rinia to almuriitg, as oomparad to tJteir 
lariilBiMa vith wigla wdta, or ta lap-joinUi; ami witli 
doaMa the lesbtuDot, balf tba number of riv«t» would 
ghre the mnte ittrsngtb to the joint, and wonUt aiTord a 
Inr^pr romnin Jit of solid section of plate in tlie line of the 
rivec-holes. Id ordinary ilauble-rivett«J lap -Jointa. 30 
per cent of tlie perfoniUHi wwlion i.* <)c«u[ii»l by riveU; 
wlicn-Jus in llir pn.i|W)e*c4i iloiiblc-vrcU-cd joint willi <iriub1ts 
rivetlin;^. tlwru ncoda not, iicci3riinj» to Mr. Rnind'n cx- 
pcrin»cnt«, b« more than 1 1) |ier cent., or one-tiftb. dcducto-i 
for rivot-holwi. Aisuiniaa; tbat tlie full advftnl,if;e j:' tin' 
double welt would bi; availiLblc, tin? tptuiile stteu^jlb .vi 
rt'cliiiaietl would I* rtnr-vivcntb, or 14 pt*r rnnl^, more 
thun timt tt{ tb« orvliiuiry 4onlib,> -rivet j'^int, or nn addi- 
tional 10 jH-r ii nt n( tltr n.'tli uf tin: ti.'.ire plate. 

Ynrk^birc [I'Uit*:'*. iVoai littrd.-i aiid JiowliLii:. wv-Tk jiunttxl 
with double welts and iloublt? rivpti, a.' i iiliri„r tJi,. 
»keteb, Ki<r. 2, imd were t^-sU") by Mr linirii;] like the 
(itliiT«. Tl;e av. riiL;'' result of four uii- jh v.'.f a 'i. leaking 
weight of ITS tons, or 17'3 tons per s<^uu« inch of tec- 
tian of tha antiM plaUk 



CHAPTER III 

Ox Tnf- TKxsn.K .STftEsoiii or KivmcD Joists of 
BoiLKJi-ruTB i>j»<<mMci)L— Tnisti* Simoni op 

Weluld Joi.vrs. 

Mr. /?/T/mm'Wr.H-,M, t\.,' '.'•■■I Joints : Fy^yfri- 
meuU ':•■-/ ,t.../ !■:■■■,!: 'i J„:.,(, -Mr. Bertram, of 

VToolwich, hais under » reoeat piUent, invented an oii^- 
mI p«MM Ibr iialdiiig dM jotnta af iiM pklaib to aopar. 




EMnai'i Dart WtUd rM* 



scJe rivettint;. An extensive series of experiment.*)! trials 
of the tensile strength ,1 phit.- j.jint* was made at 
wieb, ir>iii]irisins two wekieil joint*, tlio 80Mf-«-eUi, ond 
tliA ln|v-w<;lil, with the tutiial varieties of rivet-jouita 
Staifordnliire plaleii of good, xoiind, unifbrm qiiiOity, were 
CWefuUy selected for tJie triaU; of three tbickne-«ea, ^ incli, 
Ait>ob,and i inch, made into E]«H.iijieii.t -1 iueb» bmail. 
S4 iochca long, in whieli the rivet-jnintM were tnaile with 

t-iaeli rivata at S indMi pitch, afforUiqg a valuaUa coU 



laaUoB ti vuaytutkt* laanHa. Tlie scKrf.weld was nada 
m ia <b vUab ihewi tlra prapand adgi% aad tiw 
ooflDplaHdwild. Tlialap^MldmaindaMinF^f^titlli 
If-inah la^ thaq^ la praoliaa tUt baa iNaa ladand 
tofiaoli. Thi«e epeelaMMaf aackvaiiatjarjaiii^fiic 
eaoh Utiekneai of plate, w«i« taatad, and tbs naohs wart 
aTeragtd tat aadi aa( of tluaa ^laninwm The taaiile 
itrengtha of tha aolid platia waia tialad, with vai/ 
form naoil%iba«iiif a Imakiaff «ai|^ «( SO toaa par 
aquaie iaalt cf iicltaa, f>r aU ttia thWnwaiea, Tliavail^ 
tiaaof joiattailad'awe, the weld-jolnt-s, in two vaHetieik 
tbaaearf-wdd, and tha lap-weld , single rivetted juintik in 
fiMir yuMm, \f huA, 1^ the machine, and with aoaii> 
taiannk haadi; doaUawaUed jointe^ in Uma wiiliii^ 
ordlaaiy lupinaiiltetule^l, and countaramk and aaaphoadod, 
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I nil-; with a singlo welt. These joinU are illu»lrat«<l by 
t'ig^. ti-15. The fractures ttrnk place, in Dcsirly all ciwcs, 
ill one of the plateM. in the line of the rivet boles. In a 
f^'H Ill,- liw'.s wi iv shorn acKi:-^- 'I'.ililo Nu 1. ciio- 

priiie!! re»ull!> of iuiportaut testa luule with a view to show 

tha anpariaritgr af tha iraidtd joiai. 



TAUJi aa. t-or «• ttamz ai M i w H i or muno am 
mramowmn or wauMiMm. 
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I'ig. 11.— DooUe-riTcUtti 
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Important inicroncai may b* iam from the ooiit«oU 
of thto Ubie. Pint, tih* aaaiCiraldid joint It ftil^ «• 
•tRMg M the entire pkte; and, lelenruig to iha 1m( 
mIbiiiii, wluch eoaMuu ATengw ot Uw Uma tluc* 



selwU^l for flic trials, tfie Up-welded joint l.iw but fiv^^- 
«icli<l-?, !-'r (12 (*-r ceut,, of tint strfiicrtli <jt' ihv tutiie 
)ilaW. The YiirietifM of iringlc-r; . . 1 1. I j aula average 
tviuully .^tru:iij w il h rwh other, auil tb>. >• l.avi- u:ily uiit^- 
liiiir tin- >itrtii}^tli of thf! fntire plat*-, llu; muip- 

sJca, wlii'jii is mtluT .stri>ui;i-r. Oi t\ir. ^ioull^^-^ivctted 
joiiiL-:, l]n' .n.Utiiirv IS till! str(in^N_->.t, Liwiu^ two 
tiiinls ■• r tho •■ntln^ slreogth ol' tao |iliic-j ; llin wrll-juint 

l... laiiiirini; Ihf ilifferent thi«ktif.-c<--s uf i.l it.-, tlio ave- 
ni|.jfi iif .ill Ijii- lilj: ji imi. in ttir I'iM'l !•< t in'. t--ililr. thow 
tiuit. I'l'T i:h' I'l in''li nail ^-iiirl. jiIntvM. tli'-y arc c>C|UAUjr 
stroll,-'; i\'iil iri' .^ln.vi- r.rii' fnirtli rtrnnt^or than fiir fli 
^-ineh ylate, relatively lo ih« Ihiukue.^ of plate. 

LoBvinij the geuer*! avoragtsi, the drift of thij evi<lKn«) 
is, that the thinner thi- pUt)? the more cflBdcnt is the joint 
The single rivetlod joint* have Bucceesively K), 50, and 60 
peroeutcif the strangth of the entire plates; and the double- 
rivetted joints, 59, 70, and 72 per oenL; inaornueh ttiat 
tlie |-inch single-riTetted joint ia aViaolulely iitroni<er tlian 
tbe thicker joint*, for the actual Ln-akiiig wei^'htti are 
«ucooaHV«ly about It>, 17, and 18 ton*, fur tli« ^-incit, 
A-incb, and {-inch joints ; for the doubie-rivetted jointa, 
tba actual bnakiag weights are inooeaaiTely about 24^ 
24^ and SS tMM^ liunriDg that tbe i^-indi joint i« alwo- 
Jiit«!y n* strong aJ! lb« ^-incli, and that the J -inch joint hat 
only one-twelfth lew absolute lArength than tha others. 
Xhe double rivetted weUrjoiat» aimilMtly, i* moira effi«i«iil 
ftr Um thinner plates, and it* aluoiiita olNBgth ia praeti- 
cally tlie nune for tliein all. 

It appears, tl»-n, that ( inoh rivette<l |itaU-ji are, practi- 
caUy.atroDger than A-inch and ^-incb rivetted iiktet; and 
ffaat» of <1m i-keh joint*, Um dottble-rivetted lap it tha 
m»A tMeiaBt^tlMiMlt iiaat,a^tlia aqgla-mHtlid Imf 

lUmMUndk, 
'I■»-J<lin^ 
PuaMe ilmieil neltjelali 

81mik-riwtt«d l»f a& aa 

These propartii'M- I i ii t differ -a-i icly I'n'Ui V.ia-^ tliiit 
haTO already '""'■a ul !:iia;-il by Mr. Fiurlwim, tliijui,'li bit 
values are too hi,;;a f r 4-iia h ]iliilfK. 'l lic- hUrtlih-^' rir- 
cutusLane« m, tlmt tli'- i-in h j l.il.--. --li' i-al Imvo bail nu 
fprnter alisi'Iutf htivn;:<.:i nt U\<- J iin'.i tliiiri lIki J iiirli 
plates;— proving, wwtninyly, tlait a Iruilcr of ^-indi platea 
ii as ^tronj; aa one )-in<'h ibi k; indeed, alMOivtaty 
itionger, if rivetted in the ordinary way. 

Tha triala abow that there is no Mipcriority h: uan hiae- 
rivetling over rivettiog by lisnd; that, for l-iru-b platen, 
it is inTerior. They ahow, further, that oountfnunk rivel- 
beada do not lerionaly impair tho ntnsngth of the joint, a« 
corapoied with external heoda, button or .snap. 

Reverting to tho welded jointa, the 3 -inch lap-weld liae 
two-thirds of the strx-nRth of the entiro |>late, and the 
t-inah haa only ooe-balf — showing; that th« aluuilutii 
ataWgUMOf thatWD jointi an the same. The lap-wold in 
dacidedly atrODger than theeingle rivott>. 1 joint, but not 
aa abangaadiedouMe-rivetted, tlie r. lativo (wn-entai^ 
te |4Ba>i Jonta being 60, dfi, ~-2. Ttie Up-weld strike 
inglyvaafesrtiiaa tbe body of the plate, uotwithst'uiding 
tlM aolidHgrof tika joint, tat bora than i* no waokaning 
by pvnehad liaatMai. Tbe wMknoaa ariiea ftom tka 



•I 



Digitized by Google 



INGUSH i/xxjMOTrras. 



indirect™^ of th. lap: the pUt. ^^^^^^^J^ 
•tr^tgln T. . . «perimei>t, though "°> W»? g^;^ 

nei,, ir,«p«:tiv« of the lo«8 of ^t'*"*^^^^ ^^^^ 
„eceIrilyoMi<,a,. with the ^JS^ST 

joint, it iDU«t oi«iraf; 'itl' » levM^ «BiM»iiy 



to ■Ufli* 




..u=h BO, that th« i-inch Up^reUled pl^,^ 
tlmu the i-inch weld: it bad caly hdf the .treinUl «>f 
th.- entire pUte On tUu, principle, on* in»y MOWnt lor 
the pr.rta.;;y "'■•"'8*^' <rf • "^^'^'^ "f^' 

t«n,.' nk nvet; <:omi>*r.a >rith on* h**^ «***^ 
he=x.I., ■u,t« ,t)«Unding the giertir Um of IM**! by tbe 
riv,-l m the f«n.i*r cu*e. Th« tow«g» m 

i, »h„ri,T, au.i may t- mOBUred from the Mitm OT «!• 
(5luidri«i p»rt iu tiic Una o a, Fig. 20, 
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11 hare »tood next to tfw Muf-WlM, i 

' rivetlfd joinU, ., . 

Touching ih- ordinary rivL-t-jumt, the cfl.iikidg 1 ^ 
to doM it Bt^m tight, is l^'^'^'y V^.!" 
ij tt to InKwrn <ta ««lkiMt *• 

f^. B OB.** 



towards th« inn* «de of the pUte. The superiority of 
the doubl»-riT>tt«d joint to the angl« riTelted joint, ivlso. 
may jwrtly V,e aairibcd the creator extont of the lap, 
in virt.io of w^ucl^ though th.' l. v. ni;;.^ u.ay he tl.c ■anifl, 
the angularity of the rtnun. rqires«rit<^i ly l i-, 1/, is 
Hlmini&hfld, and the power lo rc-iiat distordun . . iii'.i.f.nd- 
ingly inKrcaacd. There is an i-Vment of titrsagth m Kmg- 
Up which a not in shoii-la;.. ::nd thii. cxiilain!) why the 
li»p-wold.-,l joint, in the triaSs, xULais «> low in the onicr 
of atrengtli ; the lap -wan limiUid to \ \ inch, anil, ha.l ■! 
"M ud a 2 or a indx* in lengt)^ it would probably 





edges of the pl«t«i, i 
tending to 8e|iarate iiM, 

The K»rf-wcld join* the two I ^way -;^--- 
pUt.. and. tbeixifore, J!S2I 
i,, H. taclJuUycqualtottat«rtta«tt«B^««J«2 
^;a;la' .l. for di™H rto««lh «» 

entire wetinn, whatever the tfiiclM«W Wf"* * . „ , 

Tbe author hiu. U«n eMbJed—thloagllW 
Mr. A. H. Rantfln. C.E.. from wbo« P«Vj*"2S«a 
pcw.nal explanations, on Bertram', l***^^"*?" 
much of lus a«)uiiiut«n<« wW» ^ 

J,.hiH w.re pr ,vcd to be ab»lQt«ly wnid, Vf 1 wfa» 

:^lJ.,,,.^,..U;auinWrnalflu^Jj^ 
out a sio^U riv.t «i.ywh«Te; it bm Mo m jp» 
water pruwuit., without leakage, " * "^T-? 
job. The welded edge* of the Pl«*»'"*^'"J.!-l«f 
burnt, of un<iimini»hed»ubetonce. t^f^^^*^ 
edrrr^ may V« weia«l efficiently, «a bnt;wi^ T^irrfZi 

joints a«! d-tiL,.:i t,:. ■'"p«'*'**^''y , i^'SSr 

I„aep.-4,d.ully nf the ,T,.aler rtrength ob arn^l 
La™f we.Kht and .i.. l-r.ua.-.a t-.^dorn from leaki^a 
«« mort important conaidcraUoa* as r^ l-ecto ita »l.tJicn» 
tieatoTMHibMfliiKttoi' ma. 



OHAPTKB IV 
mnKHrmBi 



or BoiLSR- 



IneiodadiV MUmthe relative st.rengtli» of different 
i— rfi ffirf- Va an disposed to W« our concluMoii-- 
mn «t Hx. Brunei's trials, and of the triaU at 

plate ii d«. the rtrtmger. b«en». >t i. 

Lppeam that i-iB«hriT,tt«i pUt*. ^ prnctically a. Uon« 

,d y.-ineh or Hnck li«*t«d Pl**"' f''^-™ f,' """f " ' 
no advantage inllwtoteUonof pW. M usually nv.t e.l. 
of tnvat«ihlckM««l«» l-i-^l^ 6>'to,lem r.e rda^:v. 

stiCngthaofffil&rmtfcnMof l-iwh n-..t-j ...t. h.w h.. u 
fnun.r to U (hus:-SonlMlyrtt*d lap-jomts Ut. p.r «ut 
of U«^ strength of ««» plat*; d,.ubk-rivctt^ lap- 
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^-inch plitei, t«ted by ifr. Brunei, ha.i W -^r iM-nt ■ 
the entire »t«!Dgth; and j iiicii ]ilato ao juiuU:il viuaiil 
doubtleaa be found t^i ]j;iv« t*<[ually liirL^r jx^rt^'riLagi' I'f 
stTTpngth. Tlsi.- flrt.min, indwi. is applied in tljc crntro line 
of tlii.i pl»t"-s wilhiTut leversij^e, and tlii' joint '.Ijonld iinTO 
tlio siiriii' [n:iC'-'Dtflge of atrtii;|;tli for iny thicknem of [date. 
Tlie doulilew^^it ll.u.i iiiiikf.i llm .strijn;;i^t i f all the rivet- 
joinU', an i fir Vi.rkdiir.' plaU-s, iiiivin'.' ■-'> ^l'tJ.^ [»-r ineti 
ultimnto tonsils 4tr'jn;?;th, it would hnvo ii n'sistmiiv i_'i|njil 
to 20 tons per squaj« iueli of the entire pliit>>, 'i ho ulti- 
mate atiength of double-rivcttfd Einfjle-wtlt jiint'i. is 
16^ tuui )>er inch', of doable rivett«d lup-joiut^ 18 tons 
per iuch ; and of aingle-riv«tted lap- joints, U tOH per 
squars inch of sticlion, fur York-thirw pUtm. 

For plates of best "Stnffordshinj" quality, having 20 
tons per !<)uara inch nhDiiUit« t^^nailo stron^h. tho ultimate 
«trenj;th with tlie doMlilt-rivutwd double welt joints i* IG 
ton* per ntpiam inch; with tloubie-rivetted aingle-welt 
jeinta,it in 13 U»a periMb; with duuble-rivattod lap- 
jointii, it in lt| tons per inch; and with ■ingle-riveti«sl 
lap-joints, it is 1 2 tons per inch. 

Of the welded joinl^ the scarf-weld roUvins the whole 
•iRngth «f klia entire pUt«, lOO per oent^; &nd the lap- 
wM nUiM 66 per cent— whiah, far Yotkabii* pUte, 
vould amouiit to 16) tons, and fir SUflbHaUw plata^ 
IS twn par ■qoara indi cf sectioa 

Him il^ luwenr, a most important and peculiar rle- 
I of stnnfrth in the ordinary lap-joiata tor eircalar 
,aB distinguitihed from slntiglit KMm: in the cdr- 
that, the drcolar lap-joiiit cannot possibly U 
dMertedliloitiMstni^tlBp-jaiintt under «xtr«ine tension, 
ia tlM mw dapiotad in Fig. IB, page S>; for, in virtue 
«f tlx tfamilarily of tiie jooiv Out outer phto muiit be 
I «tfh*«dgi!imd ilit imurplBl* unit b* com- 
, in order to diMC* (be tana, beeaming, ia • 
«oiMljoin^inpkn«f»^riiBdrind join! TbtnoMance 
to mab an altaiation of ftm ia tt* 'cbenitr j/oiat is so 
giMttfantitaMnot pnetieai^ altar ite fmi at nU ; and 
tb«Miinodc«Utiialk thainfiiuMsriatnallavetacaia 
liere netttralixol, the ahuoluteatnaglbaaf aUtbatarialiM 
cf liqvjoiut applied circularly, inCTBaae irilb ll» tbiBlniw 
«r dw plalea: buk, an tbb pattioilar qaaaiioa, nm ia a 
mnt of dinat axpeaiaMntal aTidMM» 

Sar tta aftximaui workini; strength tt tb* natarial ft 
a boSir and the joints, the proportion of one- fifth of tho 
oltimate ton.-rilc ^ttnngtb. MtJ mibfy be adopted. In 
aolocting this propoiiionh maialMiikd by the practice 
of moi^^inm bn^Raongfattaiih wb»a4]int tho dimen 
•io« of (bo War Bioinban of Mda bridgio to » inricing 
tsDailc (train of 4 to $ (ana par ai|«M iacb; (he netal ao 
employed being of Staflbidahiia ni a n al a i iB iiat en p p a aa d to 
baTe an ultiinake teaiile itian|(hof W tons par iadi, and, 
of oovne, something less than tbatat jointa.* 

The ultimate and woHiing tensile itreagtlts of plates, 
variously jointed, are placed together for reference, in 
Table No, II. Tlio working strength Is catioiuta^ in all 
eoMs, at one^fth of the ultimate strength. 

• Itr. lUidatra adnpta mly OMeblh of the aWnito teiMHs 

atn*ni£th f^t the joint, C.t tho maximuai vnirldu^g ptvmarw. In xta- 
lintiArv ^yliIKiTi^■nI V.:.il.T» ; vhidl, «• tlilclc, i«i ji|,.l|i:li.Tii», fitl* 

in t,ri'-t* aiii! n)i>rtjir nis» not p^roifuiPDUv rfli:*l>l(i- tlhck-Mt 
I.'iIt* fln- ft r.'iiiTmitr i^f aTiri^ut pni,:'.i»^. nod mual \mj *»!t JMMle 10 
otaku wajr (or scIf-omtaiiMil bnlcn of the kooaouitin alaAip. 



r ,--;iK N. [I - or rat ri.Tl!i*T« AUD 
U ltSXtiTHB Of »oiut«-rLaw« AMI JOINTS 1 
I (.(NCII PUTC& 



iff' 



1, r.,i'-.i ■ l,l:it,-, -.. 11)11 

i Hcw-f wcldciUolnl, U>l 

a. l^waUhd jaiiil, « '■ w 



t'llUinIo Slm^lk, yrf ml**J* IWh of 



I.M p» T<w p^l Ih» par 

as Ii'A. 1>»^ ^1 tiF.* rS U«b. 

15 |5<1,<«)"' i I llATO 
4.1 ,Vi/KI_i' 3 ll>K( 
IC"; ' .j/l.lin i 33 i 7,3Sii 



A. DoaUa-tiniUad don* ) : 

blt^-Wntt jnilll. { 

W'-it J JLIlt, > 

a 11 1^- r.vj-.l..| lafi- I 

j 'i-i' 1 

7, Siuglu ■ rir«*lusi Up - I 
j'liut, I 



(XI 



"1 



I 11,510 4 I S,9lkl 

I 1 



I 

18 i-MVbOll M I 8,0M 



W IJ 



1. I'li.tin! pUw, , ' 100 

2. t<o>rf >TM*d joint, { 100 



4. IXitiliU-rivcttKl don- 

bl»«raH joiiiit, 

K. IleaU»rtv«U*dtl^ 

«li joist, 

a. SeaUa-rivalicii lap- _ 

lolat, i 

7. Sw^ii - rirettt,! Up ii ^ 

jutut "i 




Nirrt— 1. K,3T ttio streajpLs of tho joiuU of Aimtnaiu i»*t | 
idlov onc-lulf taaro t1i.in for lM-jit St*ffurd.ihiro plate*; for ortlinaxy 
AuiunciU pUU, <iiM-t)iitd more; and fur caM-«t««l |>Ut«, liwtbl*. 

i. n* aaatMaaeltlnOdrieMmneatlbr fteabptaM^iBd for 
thisMriihlB; b»t ihtj tn attmithir lea higii to thtAar |*rtefc 

In the r !.-r uf -itrength, (Iw jaiuts niT^-i- lli-w:— 

I. So»rf w»Uml joint, IL* 

1 PaaM n lwttt d doaUo-woHjota^... aoinreMik 

a. DeaUe-ilMttad lap-joiat, 7a „ 

4, Ui|>-weU<dJ«bit, K t „ 

t. UaablB-rinHelriml»««lt Joint, ... r.-; „ 

«, Sin<t».riTsUad bpgoial, 00 „ 

These percentages ore to he aoeeptail as for plates nnt 
mors than | imdi (kick, with straiglil jointa But, with 
ainalsr jninla tb^, no doubt, bolvl guoU for all thidc- 
aeaaea} aaooptiag that the weldsd lap-joint would bear a 
nratih b%|lMr nitio^ and nwk nest to the welded aowC' 
joint. 

In round nambars, (he woridag Btaangtfai of beal bailer- 

ptutKS are thus; — 

Ynriuhire plat«m>«r Kniians inch of ealir* SMtfanH ... I IfiOO Ilia, 
BMAnWiinplBle^ da da. 



So, (MdbMa7X *^ IV" * 

Cba H tM l |lrta» da da M*00 . 

laroand nanibaMbfheiroiklBgefe>«qg(baaf joiatoaia 

thtM'.— 

1. Sauf-mhM iatala par npin iadi of 

critirv viK-ttiin, ... o, ,.. 

S. ri'illlil'-rirHLikl ilouhk-wrltJolB^ 

3. lteuM»-riv«it4d lai>-joint, 

4. Isp i wlfc d jatalb ». .» ... 
a, l>diiU»ri*(Uidthigle-«iltJelai, ... 

0. Biagls-riTetted lap-joiol, 

It has been rcuwrktid, in a previous chapter, (hat the 
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iaMcr •teMgOi of the liy^pdM jaialk ia ilie tr^ 
Vodhritb, probtbly araw ftoB lh« ihBiUm of Ui« lap, 
shout 1^ indi, eaiuing a veqr oUiqw stnia upon the 
plaui: and tliatt bad Uie Inpbomataiidad (o2 or 3 inches, 
tt VMM USuif hare ranged in strength n«xt tbo scari- 
inU 1W llniigth aasigned to th« lap-vieid most li<» 
Mna|iiadai |innriiim>al, and op«a to imnronmwl 
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CHAPTER V. 

or SuTBD SLKFAca^ Tk-khi^ 
BouD, ASD Koor-.sTiTs. 

Tknmnmi put^ and then arc iiat parts, in ln^ilcrB. 
Tb^ faiwr SM nlFiaataini^g In virtue of ilieir liro'ilHricv, 
tba kftor went ba Uayed to keep them in i>bftjnj. Ill u 
JoMaMllfW-lMilar, the flat parts are, thr four sides or wuils 
«(flttlMfaluc, and their counterjMu-l* if the shell, the nmf 
of tlw iMoK, and the emokebox t.i . |, ir '11,,, ,.,„r- 
fiMwhioh demand tho moat scrujinl m-. a!=.J inn'ful !<(.»•,- 
ia^ Wn, the roof of the flrebox, »nd th»' n; r p irts of 
*h« end plates of the buili-r shdL T!.,. r. vist .ri.>j .if lUl 
plates to rupture ahoul.l l.i' s .n;. wi„-r,' in t'lu riiti.- nf tlie 
aquaro of the thickiii-«s ami t-u- duui-j'.i-r .ir wnltli in- 
Toraely; »nd tJit! resistance l.i tlcjxuro shoul i In n, the ••itUt 
of the thicknt-M, or inversely m tlie cuU; of tLe ajMH, ac- 
eording - r Imury I r,.> i.f ti,,' alrcngtl, aud stifrncsa 

ofmaterkl-s liui,— iiut t-j ,-|.f..ijli,:.! on this .(•.MMti.m,— the 
imporUnt considemtioii is, that tlm stirtoe^- r r.-;isUm'« 
to deflection, or e:ii.iti« gtrauu'il., .>f pin;,-,., in. reruws in n 
Vttry rapid r.itii. wi-n tli- Ih.oki,,-,, n.u.'l, ;i,.jre rajiidiy 
I'lntc stten^'ih ur iL.-,L-.UnrM to ru|itim! ; and 
ki.Lji of Hut platei L< wi iai|Kjrtant t^omant 
luu i f ^ilaliilitv of lii.ilcrs— in (bo means of 
lity in i 'ui .ilisulutoly clian^.?l™ f^>^m. A 
- a: nnd:ini:v >tr.inL^ but insufficiently rtiif; 

ti iili r, :i'.iviiiill other*, iduntitv 



than the ;,1 
tiiut thf !l 

iJI tJiir 

iinnrin;^' ri 
l«ii]er ni jv ;.. 
whereas, iii u 



of fonn i» of great practical imporlanm, ai, bi-tidcs the 
ordinary continjfenirie^ of over-atruincd jointa anil Io»k»i:e, 
rraukini; fr'>in duvv^,^ of fjrin, tbcre are, unavoidably] 1 
fy.uric-jtic.ns :in i .itfiu:m,euts t/j bo nuxl,- hero and the»«i 
w1.:lIi i_-;in r.nly 1-? in-iltiLainoJ in gooii order under niipe- | 
rior (>...ti'i-'.iuris :.(' stil.ility of parta. i 

U liocomes, therefore, necessary lo »ta}' the tUl aurfaoe^ 
indeju-ndonUy of their intrinsic sitrcnsth, by ncrowci and 
rirottod boJU for the walla of th« firebox, ginkTs for the 
loof, and tie-rods or (jusaeta for the emls of the boiler. 

TeiuiUe Str^ii;/th of Jioii^ —The streu|,'t.h of ordinary- 
StalforxUliinj Iwr-iron is alx>ut 24 Uius pir s.jiiaia inch. 
AoooriJing to the exjicrinicnti of Colonel KeuDoJy, that 
of tho best .Staffordshire is about 2.S tons per indi; BUe- 
aavon oold-blast bar-iron bears iH to 33 tons p«r inoh; 
knd Yorkshire bM--irira ('■Ltx-.U"), 30 to 31 Una par ioiolu 
Tlieso are the result-s of trials of round iroi^ folly 1| vil/k 
diiunetur, having pnKisely 1 .•Kjoare ineb of Molim; Mid 
it must bo noted that the ijuantitiai are correot only for 
that particular diameter; for, as we eluUl aftmnidl find, 
in tiie tasting of bolts and notct, the proportional atraiutlt 
of bar-iron increosea aa the diameter ii Im lowaoor 
Imh^ bed iron, are found by tba Lovmiocr 
lMt?e ib» ibOowing alttnato ilniigaa:-- 

I >aAdMwtiii^M(laa^ar«i«nipvaM 
l|dA d& St|tMi^«riBiM* 



Tbo 1^-inch bar, harin|r 5fi per cent, more pe-jtii-n. has 
but 40 percent, more stn-o^'th than the liu.-h Li:ir; or, 
Otbanriee, per eqoare iti.^li nf sih-tion, the 1 J in. li l^ir hon 
ton* ulUiiuiUi »lrcn!^)i, and the l-inr-i bur .SI tons. 
Hence muoh of the anomaly that ari.v-i tu .'X|>erinicntal- 
iiiny-, when » bar is turned Aowzi t/: u small. r diameter, 
a:itl tlim .Tilly the i-nie n t-.-itiMl fir thr nireis-:ir,' .jf tim 
strength of tin: wImIb Imr. Tl. \t n ^-en.jral fact, thit iron 
is iinpruve.1 in ipjality an l t< n.-u-ity by repeated rolliug; 
and that tbiw (onallcr harg .ir^-' BtroiiL;er than larprrr bars: 
— wire, tri-! .^Mn-nic, i>jiiif; f (r.-ii^-.j-iL .if .-ill, li.iviTij^ 3,5 to 
4<) ton^ pttr N^uare im-h of uUiuuiU; streiiffUi. Rivet-iron 
hw from 2+ to 2S t.im i- r Mpiaro inch ultimate strength. 

It may be coticludi-il that the tensile »tr<-nr;th of ri--i3 
per inch of aei'tion varies matoriri'ly with the . i n. i 
Iwin;,' ijiait^T M the Jiamct-'r is le<-, : tiuit ii hi sny. tlia 
fiilir.' rtr._-n:rtli of tiu^ holt ■in.'s ri-.>L i:nTi-'i.-<.i ho rspidlv aa 
till' ,-.*-w_'t:.. mil ai'i-a, 'ri.i.'ii.j> ii.-^-l in Ii.iIits are usually 
u'.int 1 i]L;-:i ilianit*lt-r, vurvin.; Iniin I in--h to IJ inch; 
ai l. within thi--^ l.iriit.1 ni' ■<;/,■, tho ultiniatoteiksile strength 
• il pi'iti S'.ii'hir.l shirt- hiirn i-. L'5 toa§ [-ler square indi; of 
hi st Sl..ir..rd-hire bars, iS tons ]^>er iuirli; of Ixwt Yorkshire 
lar= 3n t -ii-i fier inch. When si-rnwed at tho ends, within 
the orijfina! diiuueler, tho strenfjtb is roiiucad by 2 tons 
|ier sijuiire ineli, as shall sulwequently be shown; and tho 
re.lfjned strengths of the roiU are, n-JiPtietivcly, i3 tons, 
-0 tons, ami 28 ton» per *iuar« inch of section. When 
the screw is fonued a(ion a sufficiently enlai<ged diameter, 
the teoaale strength of tlie bolt remaiiM onimpaired. 

MNtimattnff tho -workin;; stpenpth of tie-rod* at one-fifth 
of the ultimate atreugth, (he Table No. III. conLains tlu 
•trengths of tie-rods of the iliiin..-t.T» nsi--i in practice. 

TABLB N«. lU. — or l!IK ULTIUAIH AS:i «i,m.|.SU TE.V8U.K 
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Noni-nieidoH lalUitUitoamsHncI wkmdM MlaHtiui 
of the tod l« malatahialth abilww wyit jatod. Ifi 
wiihia the origiaat diMMl(l^<M4ialh M lha itMM ' 
msrthadwiaMid. 

Ilk round nsmben, the working strengths of m 1-i 
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Good .SLaff.>rJ«hire, 1 incb Kd, 
Bast .Stuir.>nl>bli«, <l-3. 
Best Yorkabln, do. 
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Ihm b atUe difikwM* botmta lb* bNt two aurnei. 
•ad gMMJlyftiMjbawdihrtflittNricing ilrnicUi 
of • l-inoh tifriad of iMrii inn b ll^ttOO Ifeai 

tba iUoimUi of lireMroD immtM with tlu 
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iVBjmim, from. S8 torn pw iMh, to W t)M per 
inoh, at KB*. «aiitin«i»g of umliniBUwd ilnnga 19 to 
4$S*; at * red be*!, tbo oltinuto itnai^ itinlgr IC tow 
{wr (quare incik. 

Stftnglk «f Semud BtUt tmi JTirfa— ^Aoeatdbg to 
inpnriniiintn miiiiii lij Mf IIiiimI. ■iiibiiI Villi mil mill, 
of Cliidbiroakdia*irm (Shn|iiyn), li 

•Vplicd toUnm th* hMl ud tiM Mi^ c^idnilwt ti) 83^^^ 
tall% «r, Mf, S3 tansiMr qjOHl iaA*^ Nttiinortiie body 
ofUMbdL Bohaamtnutiafwaallardimitir wiwfaaad 
to inanaM in atnnglh, par aqoan Indi of aaotnn, m tba 

UtauetfT waH leas. Thai. - 
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In moat of tlitsio iiixtaneiss tlm brilt. ^nippoil lit the 
Imt of the (otvwed part, th« bolt being 16 inchea long 
btoWMiitha tMBdand the nut, aa akrtdwd^ I'lg. «n< 

u — .-0 

the length of the fCTow«il [uirt inolies. U i» rvunark- 
uble tliat tltc relative strcn^^h of tlic bolts incrcuscs lu 
ilie size is rwiuoe«L Tliua, 5-inch bolu, having only one- 
fourtl) of Did MitHiimal ureit of IJ iiich \io\t&, are provt^d 
to Imvc moro tlinn otii'-Oiinl tbf lirrakint; weight; iilhnr- 
wiie, the Btrcosth rises from 23 tons per iuoh of iwction for 
IJ iuch bolta, ti3 32 tons per inch for j-inch bolts. Uorc 
licx n new fuUil I'f npi i-iitjuri fi't' oxperimentalista; niean- 
tim**, RupptMM* \Vf rimy Ijiiiirii tiie exphinjitjoii ilmt thv 
Flu'ill'jr r'j.l, H.rt' j.n.jinrtii'li.Jly tin- ^ilrMri^fr, fir O.f sa\:\u 
Ka^u Uiiic tmrs un: rtr ini;rr (Imui i-:iU<fr ]ilati.-:*. — luxMUso 
they are more thi'ruUL;liIy ii)ll>:'d Jluvtl 

That llic ocrewiiig I'l n I'tlt >.liij.il(i n^ilm-v ita toiiiile 
MTi-n^tl\ socm? certain. Hnw rinn-li? "ria- L-ii'.^ were 
not proved to ahow this ; and an ostintats can uo\y he 
fmad vpw flw MultA of four boUi^toakatA,l!|^SI^€f 

□ -wQ . 

which th« itlijitik was 1} inoh diameter, anil the arrewed 
nart 1) inch. The mean breaking weight wan 31 ( toiw, 
the faotta iiiiling in tho ahank : n|iial io So S torn p«r inch 
of aautiaiL Thnj, the extra size of tho »."M'wc<i part ailJe<l 
S tons per inch to the strength of the bolt; and, invert)«ly, 
ft nay be inferred tliat the .tcrewing of l^-iach bolUt de- 
dwto 8 per «ent of the itreiigUi of tba entire bolL The 
dadntim my nmnt to 10 or It pareniftr endler 
bolta. 

The Iwailit of the U-inch bolts wore 1} inch tliick, 
and stood fa»i during all the triaU. The nut« of these 
bolta varied from 1 ( inch to } inch in depth ; at I inch 
deep, they stood well; at J inch, the IhreaiLK were strained; 
and at J inch, the thread was !ilrip|wl fnim the Iiolt: — 
ehoviag (iMt the nut wee laiber ahalJcnr wiien iti depUi 



wee thiM^UUw of tlie diameter. ItianeverthaleaBeitab- 
liabed to oiAMqr pnetia). Uwt the depth of (be head of 
* baliMd or fbe mtk ie eoAeieat when it ia todr tba din- 

I^bD ^Q^l ^^0^^^^^ tU^A^^ ^fafftttdv ^OVffl^^ 

MMttid «Uh eiA » ptoMfOta. b ceam), tbt lUekp 
BtH er tte ted mtgrte hdr «lw«MHtar «r tU belt; 
■ad Ibt ef the ant IfMigbUit ef fh» diwMtor. 

Annewed Stoi^Jieilai— n«B ezperinianto on tba elniiglb 
of lown M fato bdlarptoto «ad eoppar-itoti^ to tba e^ 
or Mnz atagr-hoMik 1V Uk EUrfaMm, ft ina fina^, la^ 
That k l-ineh copper boltbWitb an enhiged end, aenwed 
into a l-ineh copper ptoli^ and rieatlad cb the end. aa is 
Fig. 24, broke with 74 tstN toarila atnin 




9^ Tbat a f iaob inn boU, arnind and rivattod iato a 
' |4iiebeopiMr;lat««led wail AkadaT 107 ton% tba 

rivab-biad Mag bnkaaoC aad iha W» tomanter tba 

platan atripping tba aoppar (biaad. 
I Sd, Tbataf^Beh iraaboltaereared, wilhoairivaHIng; 
i into a fodb aappcr plnt«. Fig. 83, wiw dfauB aai «r fbe 

I platt! wttb B'l toOB, stripping the copper tfaHa& 
I 4ih, That a | -inch iron liolt. screwed and liiatlad toto 
a J-inch iron plate, failed by fraotma aooaa tba aban^ 
with 12 .1 tons, the lorew and plate remaiiUBg nabyvad. 

Shortly, these result* exhibit aa Mlows:— 

I. Copper into <»fip«T, icrcwct] oQil rivettod, 7'3 Umm braUting Wi^gbt, 

i t. Ina iaio oe|V«r, do. de. lu-7 da 
I tikHteeiqfHhaiiiaaie^^ M de^ 

I 1 1MB tale lf«a,ia«)«Jaaatlnltid, U-S do. 

' Touching till' liLst. iif tli(*si- ri-MulLri, iruti into ir m, l.lir 
Vn-nkm;; ^eiylil i.-* pnrtlr-.illy tht; nama its tinit nf the 
; itn.li 4:r.;wi.~i hnlti, U-<tfld Mr. Bnmol; th.< » inch 
d>jpth of screw in the pUtei, aupplemented by tba rivetung; 
I i«iug sufficiently atouig ftr ttie bott, and ataMant to • 

■lUt > inch deeji. 

The first and neucind rwultii, showing the utrengths of 

copper and iron Iniltfl screwe-J ami rivctted into copper 
' plates, are those which directly concern the question of 
Ij lirelwx stays — tbu ircn .stay being .50 per cent, stronger 

than the cupper .-.Lr. 
I rin-box-Jitays liiivt: bii.ii te!ite<I still more dirnctly, liy 
I Hr. Fairbaim. He raiutructiyl two flat Imxes, inches 
' square, a* eketohed. Fig. 2C, with top and bottom plaice of 
\ )-inch copper and Idnch iron rexjiectively, indosiiig a 
I 2 J -inch water space with U inch imnst.iys.havingenlai^ged 

ends screwed and rivettod inli> tbu plates, to represent the 
I conditMHia of am ordinaiy firebox. The flnt box had the 
I atoya plaead ae ibown, at S-inch intarvala. On the afpU- 



Digitized by Google 



10» 



BEiouaa uxxuKMrim 



aramlL Mvm Oa itiy^ uoikr 4W Ibi. 
•VMM iadi; mA iritt SIS Ifah pw thB 
dnwi«(«li»hMidoroM alijfliniq^ the 
Miknra. iBthtMOOMlta^MMilivii 




g QQQQQQOQOQO OQ 
O 

o 
o 
o 

o 
o 
o 
0 
o 



oooooooooooo 



■t-iiirli Oliiitre*; the swclliiig ooiiun«ncc<l under 515 Wm. 
prcffitirc, and •mounted to one-third of ao inch under 
1000 lbs. ; at 1 625 lbs. per Hinare inch, Ixix fuik-d, bv 
<me of the gtaj-s drawing tbrougli the iron pUtr, stripping 
th« threat) in tlie plate. An c-adi nlny, In the lir^ ca&e, 
\»m the prtsauri! on an area tif .i x .5 = 25 iiquare inches ; 
and in the wvcind, an area nf * X t = i'i s-jiLiU! inclici; 
the total "train* Iwrnc by \\w htayi »-..ri', tor tiie finM, 
815 ll.s, X 1'". inclM-s = ;t t.jim . n each stay; for the wcond, 
162' W-c. X 11) ir.L-!io!. = 1 1 { t.jr.K lu^arly mi (sich stay. 
'i'Lit&e .strain.'! art' ^-t^ tiiiij tK. r-.:, srrfiii^:i .li' ihi- 
ttiiV-i, wlii.:li, a...rcjri-Utii; Vj ili. Jirim. I's mMiir.s, Wi.ulJ l«> 
ahou*. 1 4 Uih.H. 

It .ii'[»Jirs t'fi.^t till' '^r-.y nf '.hi' stjivi sui-rTjur to (he 
srn'n;^-t!i ut' tl.i- ;'l.it.!i ii< T\f\>'. li-.ilij.ni;, livra *-inch 
^^Mityl:;^; tli.^t tljt- ton^^ilc strL'iit^t: ol' tljt- ii-.m stiiv-t-ilt is 
:it Ivast cfiiiA] tci the gii|i in tl.L' jihiln; ,Tn.i tl.at tliiit .if 
the ooftper buU iit luas. la any caite, U>v diiitoitkiu of the 



At A-inch MStM, dilrtortimi eMUmeumi -^i. i j rcuarc of 4.U Ibl. 
At4-iiuli doL do, <1*. »UUMk 

Again, cMd1nrtli« (te fMMtM«fa of Am Mto «««r 

the feUowing pwurM;' 



1. Coju^tfr iLU) .>.],pi.r. 

Krewoil luiii ri» i.tl«d. 
2- Irou into rtyjipr, ^ 

•cnsweil rircctcd. | 

3. IkiU into (VrJtficT, ? 

•w^trtd tiulr, ( 

j 



per aqitan miik, SUika 
da tMlka 

d... 726 



llWllia 



MMUe, 

1134 llw. 
I'MIba 
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•Vo«.-DiuMte «r hglh^ 1 1 

TIm t«4al warkmg itrangtlt* of oopper end imMU, 
j beb dknetar at tlMbiie cr flM dowieiroind wJ 
unMed iido l-mheaipvplrtMilaknat OMHflilh artbe 



lSn6«B fitq^ati^yM-TlMw ■oniiit ef «rw«M taon 

fUk hmii. ini eiigft iilii||t)r nr fii nmipliii^ n ^ff^ uba^ Letweeii 
OafiutawlfaHkptatNaf tlieflnboi, wtthboltoMdeini 
tkmogd then ei ami interveJe, or aenwad in fivm 
lienaefh, to iMtaiB Oa fair af tin Mme. Ur. Edwin 
CUA ftutd, i> taiUi« wnv^i isM 1mm ftc tlMir fraae- 
itnm^fliaft tiiadrflaatiaB iMHwameadralnw 
tha ban btoke, am] thwt^ pndacdly, ben ; 
be taatad tBBna*aiaal]r, net ftir abw^tlv bat te I 
He feniid thmt, by prevlai^r atniiitig Mid atnii^taBliV 
e aiiinfltit iiiiii bill. Haalfttlinii aitil twnnllnil iliim^lh aia 
yeeHy iaiiem 1* 

Aectfdiqf taanaeiaiintaf aKpmineBtal teate af lliebaK 
roof-etagNSfaaanillf piWIAad Iqr the Board of Tnwle, it 
nppean that « atey nade ef two plates, ( iaob thidc, 
5 inches dee|>, placed 1 incb apart, ri vetted together by 
i-inch rivete, mod made lo apaa a firebox 3 feel 6 incbee 
long, bore a load of 10} tana at tho contrv, the d«Q«c- 
tion under which vae not mentioned, but it acquired a 
permanent set of \ inch. The lower rivet-holes were 
barely 1 inch clear of the lower r^igmi of the Ktay, and 
deducted, ]irobably, une-third from the iitrength of the 
•olid liar. Allowing;, then, one. liulf niore tliJUi Ihi? tcKtiu); 
1 .I'i, wr ruimate that the strength of f.li.' Ftivy, hii l it 
}»vu HuUJ — .:v.ni[K)«»J of two entire hwn :> X \ inch — 
%v.:i;Iil JiLiVH l-i-fMj tijual ti-i a Li.-uil nf Ki I-iilt iit tijL- centre. 
By Mr. ii I 'Urk's l^i:iauJa,the working strength of aetay 
42 inchn lon^', <''iii>i^tii^«f tvoaoUdfiatM ftiuahii ty 
\ inch, would be — 

'"^y Xl»»->l*»«e, 

li 1> liiily ulnmt two tliirdu of the strength, i^tiiiuited 

iliri'i t^y IV.im i.\|«Tiin<irit. Another sUy, piinikrly made, 
ot" twij 4-::iL'h I'l.Tl'/'i, nv'ttP'i t."^-jtli(r, bat ri«iuccd to 
3i iuciita deep at the uii-iill.j. terle.i iu the snuii. way, 

* ^If A now bu*, iach miuatb, witU 3-iiMt beariji^ were iMod 
atalwam wkiiDaognatardaa*eliMlluwa4il|lbi«faBiaAeMUke 

allond, tb« grmtmt load iBtba iur woidd liiar wndd b* S8-T enta; 

but til* Wr, imivir.nflly #tniiiiiMl, would rfi-)nirn 4S ^^t*. t» deflifrt U 
th« umtf tuit'Miut. while with Uji^ wftKlit i\w w>* bjtr wctiM be 
Ivot upK^riU oi Eu.::i'-. Th.r ntniiij'.J lor 'A n-al 1, tbi rr fi rr, uodor 
•ilA (viu.i.ii .[1:1. 4t; i« r ..-i^Dt. t.tiMii^;rr thi,:. 11. i. iil .v luu- . ui<i, a> 
the writgbL iiurwjuift, tLe uumwo o.f atr«agtfa iM^.',>ui,Mi HiU nwM 
l ewe ita W t la fce^ee leg if i h dil m lw^ tt» nwuoyl l.^at awy 
beetiaidMed a anr ■aMrUI,«f wlilabihaelietioitx is (juitc diAmei 
teai that of tlie originat lieam ; ad 1 this important cbno^i; in tlia 
{■■itiflal Talue of the new bam ia obtained without dilBmlty or 
cxpanie. 'rbc iiltttifaat« slri'r.;r''.K tf ii '.S {r*\ bar of rjmt iron. l| inch 
■qujirr, wonKI Z\:.''i*u.. Mil tli.' t.llim.it.' (i.llL.rti..[i £>ii>.*.li; and 
with Ihifl fcaru. li. 11. i tt. .ii tli. tirw ti*r «ijuM -:(alj' Lear 114 rwtj).,aiu'l 
til* HtrMiM'il l:tr 'i... -» -ru l> [I u.. i. n vt. uoiwtjuita fn^tii lliii foriuiila, 
I w 

< . • ~^ aauuuiiig Uie abare to b« the (niateit deAaeUua that caa 
lie adaMe^ we iimi, ftr the aaw ki^ 



fui tha atraiaMl \n, 

_ ail 



w = :^aMt0Ba; 

all the dimenaiccis betog ia inehM." In tbasA fonuulaj, w ia tite 
r^;ixi:ii Ljrii iii. f:il ]iiad at tba c«olre the bar, » » tlitt ai^^loti&l area 
at tli« iuJ>Ule, d tlia depth Ihtn, aad { tha ifiaa.— JSrttoani'a amd 
O t m rn g TMtt r Briigtt, [m> 4<H. 
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And broke acrcm, under a Innd of 7 \ tnos at the centre. 
By the farmuln. the wnrkinj utrength of thin stay woidJ 
liave l>«-ii 3 8.'> toM at ih': xntr.', or onc-liaJf tlm lirtmkiti^ 
|[lreti<;tli. Bat in tlua it U aasumed tlwt tfaere was no 
riHlijciiLin of alniigtli by linti awr tlw inidiU* of it* 

iMlljtll. 

In iviuui'cti'in with Kune dulijev'l, it it rt'f-irtoJ tliat 
a Uiilcr wits tct'tol hy WTit«r-pre«iirr, i:i wliicli ni-if titiiVH 
of the aamv oaastnicti'iM w.Tr a]lpl:l^i l-i .i tinO<ux 42 
iochee long, fastt'iitd Ui tin- rout' m ih ' iisnid way, by 
bolts at short intervals, there i>:in a clc ir s:«oe of I inch 
or so Iwtwtsea th« n»f-platfi and tliB stay, except at the 
bolts, and iif: plil-- i-i in^', say } irich thick. The staj-s 
wi»-re |ilaoed at inton'sils i,f .'i inches 'xtwccn centres. The 
Iwii 4y'i:friil stiiv.^ w-_'ro I'rily lnL'll^<^ ili_-t:[i, T!jO boilfr 
was j'f \f.l atoT-pr,:^.-Jurt-' , at ^ijL* Ibi por sijuart; inoii, 
four of thi' r, < f -.l:iy.s fiiilcd — the two wvulral Mtiiy.-. iin i 
the gtny next tn '.'lU'li . tlcy i-r.icl.,-il iicntv-i tiu' lower half 
of each 5t;iv. and d'-tl>'_'t'_-d Ij inclj i^jr tlio cuntral stays, 
and 1 i inch for the two others. The faUure waa accom- 
pAiiitid hy two nunMciive refiorta at a few neconiU' interval, 
indicatin); that tho (wnfral stnya failod fintt, then tho 
others. The total prtKM;n? Ixirmi hy each stay previous 
to failure, acted on an area of *i X ^ inches — 210 square 
iudiea, and amoonted to 21U X lbs. s 98,490 lbs., or 
i4 tons, uoirnrndy distributed, or 82 toDl at the emtw. 
This, then, should h« iu-c<>iited aa the dltijMte ttreni^th 
of the two central stays, in thvir connection with the 
flrel.vix. Stays of the same dimensions, proved separately, 
bora onljr 74 tonii of breaking weight — jusl one-third of the 
bfWtldag stren^'th when fixed (o the firebox. To account 
lor tJii* atriking ditTerence, without re&renoe to the aln 
•olute value of the tests, it may be niggested that the 
roof-plato of tho 6relx>x, Iwing intiinati-ly unitwl to tho 
rtay, became a part of it, and Kiro itn share of tho strain 
tannklj, as a lower flani^o TIktc was, in fact, for each 
illy, a lower flange o( cijfxT. .5 inches brood, 4 iocb 
tliick, praeenting 24 square inches of section, fixed, more- 
over, at tJbe extremitiea. It would be idle to speculate on 
th* pndw MDOont tt ■tnngtli tbw added, <>r on the 
■mdaBt odrtnl Mppoct talvid flmn tbo ncighbour- 
tag ■tagnt in dw abMiiaa of imriMiiy jMitioiiluai 
at liM^ tt ■• taumik tiN& w imiMitHil aaMpm iif 

tothaiwifflate. T1witNagtk«f «benMlltrilay%tlM^ 

pnaenta iieelf thus: — 



Toftcl alocn, Inllcil viUi 

TraW. ID iu fii'nt with 

lioltm ) 



T^taaeMlhaeanln. 



da 



Again, tho strength of the hunger stay appear* Uioa: — 

IflltaaeaiweiriH 



of j ittii, with 

ComupMiiiag ntmiirUi of »nUJ ftay 



oMiaalsd from MM tei^.._.».M 
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„...hy forti«h,treel-l 

As to tlie smjilliiT st.ay, it !>]j|icars tl-ai, in its pl.MT, lln 
ultimate tlrei^th was between five and six timea the 



it as a solid plate ; ud tba larger slay bore, in its plam, 
at least twt>thinla more tlian the wurking strength as by 
{■irrnuhi. It must liave borne much more than that pro- 
|x>rlinii, hail it Utcn placerl Iwside stays of equal stmngtL. 
Upon the whole, thorcfou-, w,' ar-j lnjHiised to recommend 
Mr. E Clark's formula for tin.' trau.H\vr-.f slr<^:ii;l!i i if iron 
Isire, a|i;,Iif^l to the lo.ifn uf tin " n ni i llv^J in 
tbe ordimiry manner. It may !»■ riMii.irk,-d tliuf . itj.^^nuch 
ai tlio :il,*'Iuto stiiiii^'tli v;iripw <inly as tho square of 
the 'ie[ith. aii'i jl-* tin; leti^lli iiiv cniely ; and the stillnesB 
\ ai-if'S Llie rulv nf the 'it'pLl]. ;iinl invf'nirjy a.^. tlie cube 
tif iUk Irugtli, tilt' [ini[iortio:i .tf di-Mrvti'iii to !J(«n at&uut 
I* tile nui« in all ('jlv's. Slioul ! it bo foiiml, in practice 
(^nendly, tliat ttirn^ i-* nn i;iiTi'ase of ^itrenj^tii by atraia- 
itii; mill St riu^}it<'Turi;; iron i^ars, .t]r»-*aii\' itientioned OU 
Mr. K. t.'hirk M Liuth'Tity. tbo [>ro'.->i-s may, i.'f »>iir«e. Ihi 
b,:noh'_ially a]if:li,_'d t" sLretigthou rlJor .^l.■^y liar< 

^,'i/.^>>i .Vfo y.v. — Tht'iie » Cay » are appJEi».i in ihi- iiti^flt-?* .-.f 
tho ilri liii\ .ihell, to «lay tin* fl.it BUrhKws, front miii Uv-k, 
t- ■ ilic cyHridrical portions; «ui»jn«Hling th« more ordinary 
ihoTiriii;:! toj-r -ii, wliioli th'L'V do oHlA'tti.'i^y. Thi'y may 
bo most solidly and simply welded into their plaees by 



CnAPTEIl VI. 

Cox.sTRi-cTiox or THE BoiLEa — Gekekal Piuscipus, 
Rdles, akd Dau. 

In the aliell of the boiler the stnmgeat iron ahoold be 
useil, for the parts subject to atesm-preiiiuc^ and the 
plates abould lie put togetJier in tbe strongest maunr, 
with tlie atrongmi joint*. The oecttrrenee of Uuler <«• 
plosions on r»ilwn)is show^ that we ooiutionally, in our 
efforts to concentrate powrr, ovrrstmin the [tower* of 
boilera; and tbough, generally, the failures by ezpVowou 
have ooanned with old hdlan, which are of oootM eon- 
■dsnbly mrpasaed in itrength by thoae of more reeent 
yet they have made a bc^nning, in our 
V— 4hat is a betj and thsqoMtiea flf tha 
aU nmrlMaiwaf MfltiMNjBmiily, 
mnnpsolin of coiIb 

Bat Oa atnagiat joints ahM^ Aoold ba nwd, where 
flwgwiitsrt iwhtanea ii laqnLred. Bei»dii|R the kieo- 



ii M^flini. Begirding 
indw irilh fli* «dH Oa 
th« kogttadiiul 



strain lyisi 
the IsMt npoa tha < 
twixt tbo «adi oT dw bailK Tha diMlMtbn aiqr 1» 
oQociiMly illailMtid tbm>-SM «ba mtdi, fig, XT. ba a 
cM« netkn of a bsHar. Om «U ma «r «lM aink is a 




inra«ur« of tho longitudinal prcasun^ exerttd bjtkaitMB 
upon the cad of the boiler, to be niiittd bjf tha lian>> 
Afda, bt tha panlUaipaBi, 1%. S7, ba ft 
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l-iii Miiiilinal WH^tion o:' tfi.^ l>i:(er, then Omj area of tlic 
ligiir.1 IS lufa^ure of t.\i t lnuu»i?r»a preasorc of the stoam, 
to h- li.irnif liy liio Icn^itmliiml joints. To timi the pro- 
portional .striiiiii uj-^n <:i\u:\] wi*tioni» of the circular and 
longitudinal j JUi^.^, w.l ort' th'- interval a u u[>on the cir- 
eukr fcav.i, ntnl uti tqiia! int.Tvu! <• ufHiii the lontri- 
tudinal m-.iiri ; druw tiio •iiii:iir-l"rt c ' a.nd the 
(KUullels c il, >• ': IhiMi the aivaa 'JI |iyi.wriiri' In Iw re- 
«Kt».l in the t'.T.j lUT, for tha ciirul'ir bo.iuls, the 

two IriangulAT spaco»'x6; and, for lh<: lnni,-iluiliual -leanis, 
tbo rwtanglH, c<l. The united nr. in •>( tLo two tri»iii,'leH 
are obviously but one-half of the aroa of the rootanglc. 
and thoroluru tb« total ateam pressure to be resi^d by 
the two len^^ha of <:iri!ul»r joint, t d, 'i 'i, is only half of 
thai to bo bonic by lhl^ two K ti^'ilu c c, U J. Th« 
MUiM projwniun huUU gixxt, all round lb« einJe; and it 
follow^ generally, that the strain piT unit of len^b, on 
traosTcrw circul&r Joints, is only half of that upon loogi- 
todinal joints 

The loDffitudinal neatnii, thereforf- shcu'd lit; th(>9trTnj;ial, 
and there, sutting aside roeantiiii't thf . Icil -mi-u, the 
duubl«-wclt double-riv«tt«d joint, should bo applied; and 
fur tb« circular aaama, bearing only half the strain ujion 
Um tAbtn, tbt nngie-rivaUcd lap-joint ia aulBcicnt, being, 
i»CMlt]in|iaitioMni3r ttfonger in ito place tiwn ib» other, 
— propoftiomlly stronger, titat ia to xny, with wpect to 
llniaa wUsg from ^tcam prestun-; and when, aa itcagbt 
to bt, tta btiler h employed exclaaiTely aa a gmmtM 
nt itami, sad is plno (l freely on the fraane. Sot, wliera 
it il iMmnd to Um fitmMk or anpbqpad aa » nipw 
ttUaftrtn^Bg ht tlm ateam-i^Uadani^ itfaieli itoagbl not 
ta I14 dmMMrivMad j«nlt had InMv; M 
pbyad to mM tte «gtlnt atniai tbm Imum^ «k ilia 
jnotiau of tha tiaitd wUh tht flnboMMl and Um 

jtiat «M ftoDd to to MM II& par a^iiara iM* «f Metioii, 
EarliMtLowmocv pUto; and, wUlt Uiat jcdBlapfiUed to 
tha loiptndiaal maa, «b» WOtr immm qualified to 
wak ndv a aiaarfanun ataiaift of MM Itapar aqoare 
udi ofaaatiaiL Tha diaBM^ Iww iM opiiiad. ii of 

cT tiM ^)4MM«a ctaMoto of tto IwUii^ « tlM^^^ 
Uiainqithk feMMW a« iMg^tnttMa «m tf Om 
dial pHkMakniaad !•]«••• undiaitlMothar laams; 
and % boo* iwHld bj donUe-welt double-riveUed longi 
tadinal joinli in the oyliiidriaal portiona, and everywheru 
«be by iiingle-riTet la.p-jciBt% ia pRattiMl^ «f «iaal 
■treoi^i throughout. 

Take an example: A boiler is iH inches in diameter, of 
i-invh phktc, with ISO Iba. steam: — to find the .•■train on 
Uw metiU. The two aidea are, together, J innh thick, and 
ooemjuaro inch of wvtion is <liivcloped in a length of 1 -1- J 
— 14 inch. mea.iurcd along tin- Ijoilcr; because, inversely, 
) X li = 1 »iuari! inch. Now, VS X 1 j —CA sijuare inches, 
tbo diametrical .-iren i-l' iiri^-surr ni Lic-h i-. repreaentrai by 
tbe rectangle c d, in i iy. 27, nsotiiiUy c .i,!.:.l.-r,-«!':, nustaincd 
by till- wpiare inch seciion of metal ; an. I f, I x 1 = 7GSO 
Ibe. per «]uare inch, is the strain nf tb.; sWiitii i<re«.ure on 
Ibe lougitodinal sectioiL Tl.,; longitudinal strain fwr 
Miaan inob of traiuvene wxUou, due to the pteaeure on 
thaaatinendof (Iw boOttr, iraidd h»,mtimi/A»wa, 



! l).T.:f (if til- I mi jver^ str.iiii, llivt U, 7<>Si1 + 2 = 38W lis. 

' \w EnpiiLrr inch. Jt i:ny be nilirrw^** jirnv*ti| arithmrtti- 
callv: — ini ln-^i :]j;itn'-t'.;i- yn-lN u ,'iri'umfiM't'ni>i t.'f 151 
inches, anil an .^^rt-n nf I SD't.*, .^jn.vro itn.-lji.-^- and lhiU> 5 

: X 1 'JO — -17. 1 H' Ib^ t i*:il pn^isiiri: .>n tli.j end; fcj bear 
ihhs pii'joare, there 19 l''l lucbo-i rircu:uH':Lni.ia of J-inch 
plate, opial in area to '<''i *> si-iiin' im-b.-s iind '-'1 7.1 m -i- 
5ti"6 = lbs., the 3' in:;]? Miliivi'. stnr.ii ]r:r w^Uiire inL';i 
of trau-Hverso section of thi: l-jil' r. hh alri'U'lv t'oun I. 

At th»' iiuiximum wi.ikin„f .^tniiii. ;lOi|i:» jmt -..nuu-e 
iu.jh if Lin^'ituiliiiiil six'lii.n of rnvul, tbo loni^tadinal 
strain U ♦jOO lb* per siquaro inch of traiiavHrne v<'tion, 
which may lie abundantly provided for liy sni^'lf riv< t 
lap-joints; and tb« •tekii>-pt««*ura doa to tbis atrein, 
would aiiMimt to MM^Mb lMlba.pcr aqoiM ink 

of aurfiu'e. 

As a matter of biBt, the end* of loooinotive-boilers are 
not s» cx]>.k<<n1 n,i hail jast been assnmist for illustration. 
For tile tubes not only sulilmct by ax much aa their toCkl 
sectional area, from Um tmoke-box cml, but they are in 
thcrnwdvi-s very efficiant atoyi) — ob\nou^ly ko, for they 
entiroly support the npp«r part of the firebox-tubepUta. 
Tbe greater port of tlie baek end of the boiler, alto, ia 
stayed to tho firebox, and they ore mutoally aupportiiiK. 
Tliere ore, in short, only tho upper segnaBto of Um aiMU 
plnt<H requiring aztn stays-, and the qoeetion ia^ Umb, 
I simply, whelbar they should bo stayed by thorough tie- 
rods or by gnneta? and that is a matter of convenience. 

For example, in » 48-iDeh holier, tbe circular so^ment 
abora tha tidMa, faa, i^r.M inehai and ai^r ba 

•pMi If «Mfc wd be «h«fidiiHit tt» i f n—uM nt IM 
IfaaLittaai,«b*antfrea avenging 7 liidiaiiq<ian,tlw total 
mmidfca shoot HMO Iba; oppnadtotkli^aBiiiahbir «f 
liaat inuliBa*iiaiking strength «t lO^OM Dml, cqwl to 
qwwdi of 900 Ibn par a^Mi* iaaL A hw giiMit 
ooatwgiag tna tha dzcuBftnooab at nitable intaml^ 
aanrar (fadidj tha aams pujOMk 

finlat far Ai Smigtli tf iMmiofiw-Jtoilmw,— ntm 
the dato alieady aqipliai^ rola amy be oonatrocted for 
OwitieagthofUMiKAfant parte of boilers, — theeyUndii- 
cal part*, and the flat ports. 

RhIm fvr the Strewjlh of (A« C,y«mineot IMt ^ 
Boiltra. 

Rrusl. ToJbidttaWariiiig8teani>-PrimiiTtibut0a 

r/ivru dimnf.tfi', tAidituta 0/ plate, and quality of joint. 
Multiply the thickness of plate in inchen by S,— and by 
the working strength of the longitudinal joint in the. per 
square incli;— aod divide by the diameter in inchea. The 
I quotient ia the wnUng eteaM- j wew ro ia Ibe. per efjven 

incli. 

Rtri.t: II. To jiiol the Thld-i\c*» 0/ Phlf ihir U> a yi wn 
(ll'imflf.r, qiinlit<j t'f /lint, 'Xiid vvrkiuj prr««i/r«, — ^Mul- 
I tiply ihc working pmwure in lbs. per square ii,cli by t'lr 
i diameter in in,:'i?s: — ami divide the pKidufl by the wurk- 
Ing stn'nyt:: "f tli>' ior.L-it i biml jninl in lb- , — n:id by 2. 
Xlie final ijuutieut is the n>}uirod thickno&s of plato in 

Kot* 1. TTitwic rultw »rf »p]?li,^h',* tn errrr Vioil "f jp>int, whra 
the tbi'Aanu of jiUl<> Joes wA t iivi jj iii -b; .lU'l tin'V n['|- y \.- jur. 
thittesie of pUti^ wkcn llu> joint ia saarl-waldMl, or iivuUrnviit(*4 
wUfcdnUiiidft, 
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^ Tht idM inafaHabb to «MMfad bdin^vliUh k**» 
twin tb* itM^tCh ef bait SMflMU* im hiBn 

„i,)fe— Take, a» Ufure, a Uiiler of baft TmIuUm 
pUlv, t8 inclHS di»incU'r, of f-iui'li plutu, Uldlritbdnilda* 
welt longitodinftl joiaU; to find tbg working prewore 
The wotkiDg iiii«ugt!i of the joint a 9000 Urn. |Mr incb, 
•a^ hf Rule I., the uiivxiaunn worid^g ftimm ■ 

" ^.^ " = Ul> lh«. ixir Minnr. ifti*. 

i of |il:it.'. fur a dismotcr 
•k ji'int, ui.il 140 lljs. i>er 
By RuW U, 



I.J t'. 



(A<nviMT«.-ly (■! Iiuil til 

of 4S incln -. w-.tli 'i i] :!!! I.. «. 

aqosTo incb, working pnswurti. 

•J-Tk^x^J *• 
Jtulti for tAe Slrcnr/tti of Iht Flat Paris of Boiler*: — 
Tlir citiinatiiiri iif Oie atrangtb of ti^l porta u bMcd on 
(he Kln iiglli of tlic ulayit, ixo ci-eJil Ileitis tafclB fiW tbt 
tDltcmit strength of thr pl»l« iu<;lf Stnj-s are arranged 
mially at regular intcrvuls, ili%'idiDg the suriitco into seg- 
maota^ which uu; be Mckomd at the nta of one Mgment 
per atay. Tha Awboot at^p^dta ana fitdutd ia aqoareai 

RcLB III. Tofindtke WorkiivjSUaTi^PTttrurtdHelo 
a given diameter of ti«-rot.l, and ana cf tjpneut to 
f/uarded ly it. Divide tlie worfciBf alieDgtb of thi! ti«- 
rod in Ibai, lgrUM«rMa(a«gnMBtiiiiq.a>i«iiMhai. The 
(|U(>tii-Dt ii Iha wiMtf ataaa-ptawm ia Ibi, par mpaxe 



Bms IV. To find tkeAna tfatgrnnt dm» to afitm 
diaatuttrof ti«-r«Ki and nmUag fmmn. Divida tha 
werkiag iteeDglli of tha tia4«d ia Jte, tgr flttwialdiig 
iiaIbhpirai|iiiMiiidk Tha 4]aiidiMt ii dia ai«a 




KiruT. Vi>fii»dSt»WuiUiigFmimdmtoagivm 
pUek o/ ttay^ tanmi mi ritiUed tafe ^att*. 
dU »<did diamtUr e/ boU httng % Mi. Divida (ha 
warkisR atreni^ of Iha ataj-holl hi Ihk, tha aqaarc 
af iha pit^h in inchea, Uia^naliaBik b (havoridm; pna- 
anraia lla |«r stjuora inch. 

RtTLK VI. TofindthaPOA^SIas f'oltf.iftif toaffiven 
vmiing premun. IKvidi thamtkiuj; ktxeogtb of the 
alagr-halt in Iha, tgp tha tmrkiag pnmta in Iha, pir 



.-'iii:t:L! ill! -I, ^uid find the aquan not af tta faotiiaiL 

'i'hv ihtj pitth in inctifls. 

C'<->p]wr itUij'buU ia cupper piAtc!„...„,„,„r„,„,,, :i,iiiy> IW 

Iron do. dix do •1,^ i\m. 

Iraa ilg. U iroa pkt«, £,600 11ml 

2. Wlica tlifl bolU are pitrlwd in rt^-' irft,'l««» Iht- pnyltiri of iht- 
bcfixnaul lutil VMrtl<iU ['iU'.li*« i* '■' t « i-.l -ii, in lluk* v.. ict-t.::..i t • 
tilt aqnm of tb« piuk ; and, muverady, in itak VL, Um rwuLt Ix 
IbaaMsrildi. 

S. Tha worldag itniigth prafaaUj iatlWMivMl fb* dlMMraf 

tlie Mt 

4. Tbo vcrkuii; «Lmngtli oaaoat ba Balaitel^ aAalid bj dw 
tbNkiMN «f ptaM la pratUaak 

Jb«M|,It I Aniwahaltiaawwa d aadriwKag lata 
an iron pht%at 4 inoiwi i>e rii wi t a l ,aad S iathia wrtjeal 
piteb; what u tha voritbg pHMrat Tha vairidiig 
■krength b .'iGOO lU, and by Rule V., 

~ per aqouc ia«^, tliip worlittg pvama. 

If the pitch be incbea both wayo, tJien 

-^'^ s m Iba. for aqma lasb, IbawoiMiK iWHBinL 

f'yi>tnji(: '2. Till' wrTkilur li.'i--SU|-r' i> lli-: ; .-r ■•.jcrirr 

inch^ rcriuinvl the iiltcU of cuftjwr bull* iu copiwr plate*. 
The working Btiaaelh It StOO Ihi., and 

= !•:, -1.1 vir = 4 iorfiw, Um pilcli; 

and the bolu muy 1* otlicrwHso pitchol. at 3^ indieit on* 
way, nnd 4 J iuclies tlie other. 

JtooJ-Stiiyn "/ thit f'ird/or. — The load to be Buataiued 
by ro<jf-stays, individually, or more proj>«riy tJuit which 
IK asmigncd to thum, is rcjuiily catimated by dividing tbo 
area of the roof by tbc nunilwr of stays, and ui(ilti)>ly ing 
the aliquot part thua rendond bf the iteam-prasutv. The 
walU of the Arebox anitain ditaaUy part of the preasore 
on the roof, without the intervention of th« Htuy-i; and, 
therefore, in aadgning the whole of the pnswun; U> thv 
Toof-atayai then ia an esoais of aUowaooa em tha aafo aida. 
Staya are pitched at aqnal imtervali apaity and tha ana 
of taat gaaidad hf Moh atqr ia naaBared by the length 
of ranf or i^aa. Into fh« pttcL SVom theae cooaidafn' 
tico^and fi«B th«» alriiiilj immif iiil tha appliaa- 
tion «r Ife & CM^ feiwda t» MoMiiik Iha iUlin^ 
rulas aa to tooMay* are daritad: — 

RouiTII. Tl»J!»dlkiPrttntrthoni*bg^foo/-»t(tjf» 
cfafinlhOK. liultiplf thaqianortharaof ininehai,liy 
tbepitahaf thaatayaiaiadia^ aa d ty the piium to 
Wm. per eqaata tedh } and divide by EttO. Thapndnet 
ii the pnenn aaUina^ dMdhatad, beiaa hy aam moC- 

"^OUTUI. Ttfind Aa WoMmgatim^tf* rotf- 
«ftiW«/9&«»dinMnaienf,jC»i{ teflepiaM. Mult^ 
(bathkkaeticf fha4lv«t tha eentre^ ia taaheai hy tha 
■quan af lla depth at Oa centre^ In inchee,— and hy W; 
—and dividatM pradoet by the laogthof epan in laehea. 
The quotient ia the woridng load, eqaall|^ (Uatrifaata^ in 
tons, wlien the atay ia fixed in ila pbtea, 

Example— iXi. D. Oooch'n tankdooomoUve^ w(skin( 
with ISO Ikai prcaaore, lias the roof-stays of tha flrsbos, 
C^indMedeephlqrlinditUelCtaithaeeatn^withSOiaahea 
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tn, and at f LmJm pUeh. Finty wkat k the load 
■HtaiMdbjMidiiwfiliT^T Bf Bate TIL, 

^"' wm tiM, tb» Ind M «M alar. 

8eooDd, wlut is tbe wwldllg ■tniuth of cmw oUkrt Br 
Kvb VIII., 

1 X X 30 

, = S5'3 tonii, tbo irorklng tttreoffth, 

Lir lijiiJ wljidj llic stny is cajialiln <;f Iwnrinij, — uenrly 
(liiuliln the iiftual iiuj-.s.-i liy tlic w.irkiu;,' •.Ujiiiii- 

|irH!i.-,ure. To nwohy the working strangth iato ctenm 
]ir(w>iin;, the area of roof glMidtd bf om itiy b SO X 5m 
2$U aqiiara indies, and 

IWKIMO - ^ 

thft praam of lUto. eqairmlmt to tin* vockuu ainagtli 
ofthetooMva, 

tbo Tabh Ho. IV., of the woriciog pressures 'if l- il. rs, 

IBV Iw onlbl fcr ooMultalion. It Lt o(iMt.rii..t.-J with 
lh«i «iJ of Rule I. 

TABIDS No IV._or THE WIIRIflMi !'F.}:5bI KP. or IJKuaaTlVi,. 
BOILERS. M*»R OF li-sx l-iKKSHIRR FMIES. 
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Ati 1, Tbi Unlkl NipMliBg the ^k-iocll u>d ^.ilxil pUtw, daoot* 

«e tfaoB far ftacfc |Mk 

9. nin wrirklnc fit»»<i!n-« f.-r J-<iwh sn;l A-fit-h pUli^B. arc wli- 

3 Tbf BuiufTtK:! P.M.tf.Tiii; it f.v<-- tir.irw tht' W'^s'kirii pr^^ilrn. 

I. To finii th* » .il.ri- . i f i,,-,.;.. ,,| ir-i.T rneUli 

unJernftmo,!. tnt^llijily tia- [ip-w^un* givta in Hit Tabk* bj the ■&• 
nexiMl nut Ii| lift-H: - 

Bnet StaflanMiire fUU, , -gl 

»r,iwcBy,<iJMt«— Mlh) 

ifJrt* — ,.„117 

(I.-T, rounilly, oAd oan fumHiki 
Amcrimn pbte. *..»»■•..«•• 1*10 

(or, ^'lInt?^v, iv-J.l <>to.»-t>Qtli,^ 

pi"".- m 

(or, ruiuullj', aiU iviftbinli.) 




OH AFTER TIL 

CoHsiBUcnos OF THE Boiler.— Dftaiks 
RitH joinls. — Rivets are U-iiuilly } inch ilinmct.-i, iiu 1 
pitrheij at 1} inch centrea; ixs.'iwioniUIv i inch diameter. 
But, according to the IriiiU, the practice tliertin detailed in 
Buperior: — J-iueh rivcti, at 2 inches jiitch, for i and J inch 
pUt«a; in tUeac trinU, the rivets were found U> l >c ili »tTong 
Mtho fibte For ihuuier lK»ler-]>l,>i' ^. n i^limU'r pitch 

iif 1 2 inrli M-it-h -J-incb 
rivers nr 1. -inch pitch 
l-)iulj rivKtx, i.H 
!•■. Im supply the 
nee. .viici , lint ot'slrenjjth, 
but m!" t i^'litTi>:>si, as re- 
tniirkivi b_v .\!r. Fair- 
Iwirn, r.uiili.-il riv,-t 
bolt's arc its ^' ■ •! iui, m 
dtwl liclt. r tV.iui 'hCr-i 
holes, in good rnvtal, 
tbe punched hole i.t 
conitail, ami by apply 
ing Die small end.'? to- 
gether, in the lap-joint, 
as in Fig 2S, the rivet 
becomes a doulile-coDe, 
oonvergint,' the Iin«« of 
•tMin through UiopUt*!^ 
MboHcning the leverage, and inso ftr otiflsnilig tfae jomtk 
It ia known Uutt » tligbt ooantanhikiiig of the ritral- 
I by BqnrfcGoL, Rg. SI, inpniveB the jaiiiit» 
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on tha ■MM primaplA Mr. D. Gooch ■atid|)«tw Uie 
twbtlnff of tbt tittgle-riv«t jaiatt and tbaiMi it origiaaUy, 
in Fig. SO, Ml iiH tu li«n iMt UafaaUgrto diiteition; 
this is gooii Long rivefa hi fattd, mi aitn woikmui- 
OigmtfhtiiiiiiadaimfykmmAiB At the 

juetiOD <f tliB bAam. wmA riiill lA tta doonray, long 

«( tlw filU uiMwntrwlviI 
ihm, Air. 
I ■ nag 

cf Inileir-iilata, Fig. 81, 
fl&ngeil and ri vetted to thi 
firebox, and stepiirately 
rivetted tt> llin sUkU witti 
(ingli'-iri)ii, — hiiviiig filiort 
rivi't/t Ihrougbmit- Mr. 
BcAltic fonns* t!ic 

juni.~t) iii ut' tho firubiix and 
tliM tuiubuKtjfjn-ehamljer 
(if liimjiiiU burniiii_'! iii;iiii •, 
!is in Fiij, 32, with ;i riui^ 
wroii;.^lit fut <-!' I'l-itv-ircin 
witti tw.j riiiiiL^t;-, 'if which 

oll'.i l'LVt;lt.:!ii tij iL.' (iro- 

ixjx,ainl thi-utlii-r. 1. ir Wiiit 
iif accesH lui- livL'L-, U 

!lt t],r l-i lt.rii . r tl:i- rin-l.i.x 



I t, ■- 




: i to tho wnibiisti Mi-ciimijlwr 
i.jiL^-n, ll'ickwurU* » junction 
, Ki^'. :>n, w llh 11 jiicei.' of Iwilcr- 
Ijlato auuKiLO. ariij t-cj-finiUi rivi'Uirii;, \^ n 
better job tliaii tliut niiJo \v]'ii rv S'j.iil K'lr. 
as U-maX. Tha^e llnun ui' jiiriCtjuu hil> a:i- 
»aiilaL;"ii:-''. nln', luiiiimizii.y tlm olistruc- 
lion t. ► th<r .'irnilii;;(i:i iif wiitrr uriil i. 

In 0\f M'.nnr. ..r tl.f );ri:b'i\. 'ii'iii'|.--nvtlt:ii>; 
19 inex|>«iieot, lu the long lap thus r»iuii'ed, 
is liahli! to buru off, ajid llio rivet head-t with 
iu On the score of itrengtli, aUo, it wwtDS unncces- 
auy, for the firebox ia •> tkorooghly stayed as to adnut 
of very iitth; t«iMtle «tmin being thrown opon the Joint. 
Mr. IDewrniice found that the li«ad« of rtny-bolta, made 
vrith sqnan ImnhIi^ prqictiiig H indiM into tiw fire- 
box, bunied down to • p nq j—tioK «( 1^ faieh, at wfaiah 
point tboy niMiiMd. 

FmremMffofhoiltnat thejoiiUt. — Probably ibei luost 
inpartamt prnvticnl inforencti to be drawn from the (c«tB 
of the strength of rivetted jointa, is the explanation 
tbey supply of tbo failure, hitherto uu«xplaine<i, of 
ly>il«r-plata, not at the joiutii, IlUt in tlieir n«ighlioar- 
bood. Wo aro aware that deotricai and galvanic action 
an finely adduced iu explanation. But theee worda bave 
(w« nanainge: — tbqr imhi elaolrkity and galvamam ; 
and tluy mean ignoiaiiM aad niyateiy. It ie known 
that boUen ftal Iqr Mrtoiiw aad tfOm tg/nAm aatiog 
iaio tbe platot, oa tbe inMd% pitUag aad toi«wii« the 
■nAoa T!hapittii«iif libi nirtal bMd]lr«qiliibMd 
hf tlie fruana «f ihmSul agnate ia wdotioD in Uw 
water, aad tiia knom iaeqmlilgr tt iabtteaoi of iron 
{daltt and banti ia ooDHqaeBW «f wUA fha natal is 
gradually bat naaqaallj ufiatM aad dimfand; and 
probaUy a weak ^Umaia ciraait any ba artaUiilied 
btimaa tbe inn riieUand tin btaas Mm^ aoeeleraling 
tha inaw ef diMdutiob Bat tiiii 



not Mrt «iia ftaqoent oaioaf aitiatiht < 
row,oiKliltaagrMv«ap«at]i««ariMa nummanob- 
•ervad to ba ftroMd pmdial ta^ aad deae to (ha tinttad 
joonla Not ia aaj ohi that wm an avara nt, haw tiMgr 
been fiauil at uiy notable dietoaae fima a livatled joint, 
nor oUwrwiae than pardtel to eoa, Tha ioteaaaaiiia* 
evitahKfhat then UafdetleoAip hatwlxt tinm: and 
our ooBvktioa i^ Oat tha altmato iMrioa aad talaiatioa 
of tbe plafaatdM jebrt^aathaatMoaiegotapaad kt 
dijwn, are attandad by aa altenato «fiitoTtioa, iaeipient 
it may be, and resumption of tbe nonnal form, a bending 
and unbending of tbe plates on each side of tbe joint; in 
oonaaqDanoa of which tho texture of the mt- tal m giadvaDy 
loosened, in lines near to, and parallel to tbe joint, and it 
iK tJiu.i laid open to corrcsive action. On tbia interpreta- 
tion, th« conunenoimKOt of a groove or furrnw, i-ttablish- 
ing a weak pln.-i' ninl ci-titvntrating the a<Tti<Hi th^'re, 
W'juld suftiw Uy extcrjil iunl 'loepcn it, U> the dRnj^i-rfUK 
liinit.N iirr;Lii(iiia]]v jini. i l:i I explo^ons. 

Till' wi-jikrif-vs iHL.':ui.uiiL uu liip joints in strikingly f.Xt.iii 
pliti': it in thi' liip wi.ldwi joint, whi'n subjected to i-xtr<'in« 
toiuijcju, tlw tensik. Btren;;lh. thosiijh the imiUl at, th<; weld 
is pertectly aoUd and fully a- -t^'^n^ in iiii'll'ivj tlio )t>dy 
of the plat«, iH much below ihat diit? to Iht? i t/ul.ii we.-Uon 
of t!ir \l:'T); tiiiMu is !i .1 L'ltfUiantary W'-;lklu•■;^ in the 

reduction ot nutUU Ijy rivet hoUa ; the inferiority of strength 
arisea solely from the Inindiug of the plaleH on Itolh sides 
of the lap, and tho ovemf ruini-ii,^ ■. f lhi> fin-Uix, in the 
endeavour to attain t/i th" in i ' ^uliility 

Mr. John Sewt:ll, TOuinii!:ii.in j; t.n tht- ■ 'jiri >ajon of loco- 
moti%-e-boilers, awribe-i the furr .m ing nf plates at rivet 
jninUt, to the interruption of tho vibnti >n« "f the boiler 
by these joinljs the localization of tliu ijiti^'no at these 
plaees, and the incrciuwd su)ioe|>tibiUty, in nonswiuenoe, 
to oomisive action.* This action b«>. I n'Ufii, a ten- 
dency t/i a'^ravate the evil of lap-jointing; liul we are 
di8p.iH. .l to iL'u;ri)ie the evil to the lateral bonding aad 
unbending of t)te pUtea aa tbe primary cause. 

The farrowing of lap-jointed pkites reads an ini[iort4Uil 
leisaon on the real and intimately pneUoal value of direct 
ootmcctiun and dtnok aatina, in amrting; t w M W i wt t ia ^ ar 
Nsisting fotwa. 

That tbe furrowing of pktes at the rivetted joint* 
iMulta from t he indiroctnaisof the atiainof tbe steam- 
pressure, i.H rt^iiib't'i a still mora probable by tbe analogous 
furrowing which results from recipmcsiting .^trains of an.' 
other kind. In the more ancient dowc.^ of engines, ia 
wbiebtliaqrliadin an fixed to and work from tiie smoke- 
boK iihrtiH tha allKMto fonraixl and hackn-onl strain.i 
fay tba aliaaii-pHmaia aa tha piston, have tiecn <>! wrved 
to ■Biliim aad to aatjeet to oonxMiou and leakage, tbe 
substanee a(th»(lltoalanf tba e4g« of Uie angU-iron at 
the Junction wiOi tha baraeL la faithar eoRoboratian 
of this dootria% Hr. (Mbim itatai that ha ia oat awaia 
that any aegidaata fiom tammlag tt boilar-plalw bava 

««as rtveltrf Joliils Jwhoy «to«l»sa« hsmi i iwiusaiaeM ef the 

Imlrr, IU« wav,»» <tt nxpaHHiuo, e(mlra*;tjoD. »a<l vlbrttirto, are arrmteil 
tliern hy the £r»:lU«r rij^hty of Uic rivftttiNl tlouUe tkiokovifK cf tnittal, 
whi<4i waiU la 1.3mli» itiH fatigiw »a»l.ilti«l by the irirn near tbc«c 
{loinU. anil it xlmo apprani to uicm-M tli.? MiiMrttpilViUity to eovroslv* 
lutioa, nan tbo Airmn fUMnlly tslw the liue of (bat blages, aad 
an oMa oHMT laea lae sBMi ea the ihisa." Jtpinytls Boant 
^ !)«**• JMb9 JMdMi^ IMk lags «. 
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tekm (iMiniih* Vnilad Btatwt tad m MimllMit 
thiir iniamttgr froB tacidMto wMig fron tUt Msmb 
ii to 1w M«aNd to tht «M «r vwy thta MlirplBtH, i to 
AiiulithMk. 

iVMtMXM/-Jtoyi<— Tkiiirbetfttiiviiriilwiiiar4^^ 
tott«4Wp«i6iiiM<rftlw<liBboK,iiof wniitiil impoftoao; 
aot <n]]r at tin inleniMdiMe potolt of centMt^ iriMta Ih* 

iMUi^r Mt* »• «PVlM, tat pM«ianl«iy It tbe tadib w 
w to dinet tbo i M to w w vwUgdljupM the froni and 
bade wdb of iht finW nm|Nr md walUpraid fittii« 
is the more nwdfid at tlw aodi^ a* tba misting power of 
lite auffat ot tha flmlxnc to floiii|inHiHi u very low,— only 

5 taiM par wjfUUK iuL-h, aoaittmg to Mr. Fairbaim; 
wIiariBi^ a noT-aUy carr^ log 11 tona tt prennrc^ Uuwm 

6 tana vpaa each aii4> <br wliioik » mlUpnad beari^f ii 
Miinthl eidiuijr vaof-itoy. I ineb tlikk, with • 
biariqg at tha «nd* 8 iatiM* long, h»» S wjunre iacltta ct 
beaiiag anrfiwi^ wUeb, to cany 6 tons, must aapport a 
laad of S tana ]Mr aqom iadi, up to tbe limits of nUanw 
to eomprwimi Fuirliaim jadicioaaly spread) tlia and of 
the roof-alayi, increasing; Uie bearing to about 5 squAr^ 
iochm M eoHi end ; otlifn, ilr.iirouii apparently of clciiriti^ 
the rivofc-joinl, bear only u[jiiti the cxlromc cunjcr of the 
vertical plato. It a]<pcare to as that ndditional prorUion 
should be made to cxtcntl tho Waring ot° the eads of roof- 
stays, beyond what ia generally pruviilatl, coUKidering tlie 
want of liriiini'w of riipfHi' plato, 

Tlie method nf llnn.;in? tho front and lacik iilntcs, and 
IsppiDj; tln-iij undor tin' i j'if-|il;it.\ ivtl'iTl< i.r;>lr.;! ly the 
strfm^M^L ju.Ui. Li.jn iH.ii^t^iUL.j i:> fToiiurL', w ii'.-u the 
roof-st-iyn arc ni.iTnnUely httcd l-i, i\iA ju.idi; L < l-;';ir u:- u.. 
and ctiii<rac(! the upright ].l.%ti-.*. It i.t i:llii-r.vi-*! if ih.-v 
are not '^I'l ivn I ili..- .\iii.:r.i.-.iii ].r,i:-t.i:'i- nt' p n^vn^; tho roof- 
rUvb liHLi-\ 1 1 wly. -aiiii:!:; iIilIt l U i-, Uj Kcf.r dirertly upon 

iflii I- Ill' the |i'.:iL-.-(, ti.-iiil,dil U]i Si|Uliri; ..ill th'.' 

OuUvii-' 1'ir thi' jiiirj'ii-'-, ]■ -^m-wim ll:f ivdviiriLtgerf of Jt dti^'t 
and Bij\i:uc I". ;rii'^'. uf r '- i". ii-.l; IIim tul«;-plal# <>f tin? 
dowT)W;i: d I'l L.v-i'irr. .ind ■■i niliii:-^::ii^ n^i^n of the -vtiy« 
to tlie \vi ;t:i -if tilt; LiJeliux, !n^t':'nd of lU Itni^'lh. It i-t 
likely Ih^it I h.- stn-^s of r.inf -il-iN s Liu. hid oil ihf l'.die [..l;.t.-, 
has oimsioriiilly ^•;■L'Il n ciiuv nf li-iiU.i.'i' ...f mln'^t, umi of 
fadure «<f till-' tul" plit-.'. tlie -i lo i'l'il"-<i nrr hri-cr ailji|iH'd 
lit V'ciAi tilt' [iii'-oitv. ii'H th--' t-*.ny-b':i]ts t7i tin. ■A'h:'^ are 
Dinrir iiuiii«rou.s and iihurter than in the tulie-platc. Tran?- 
vcnw «lay» wotdd olwlrnet the iiuertiun of longitudinal 
tio-roilH, i-xi.Tpt ahovu th«ir Itivel , gwtfli couM Ix! 
inserted to stay the ondi of the iHiilcr. Applieil trans- 
venely, the roDf-stays ojuld Ijo cxtvndod to tlio aidci of 
ttie fireliex-shell, and rivettcd to thi^ni, thcrchy entirely 
relieving the side atay-l'jIU fi-oni don-nward strains; 
further, they would atiircn tltu aides of the boiler, and 
their strength as (prder* would Iw doubleid, Ijearing the 
same ralatioa to ordinary nx>f-<tays, that a Ijoam fixed at 
both enda tieai-s i<> a lieam laid upon propi On this pUn, 
eX]>l<)?dons of tint lirebiix would be prai^Lically inijMsaihle. 
On the ordinary plan, the link-iiij ■ ?f lln- three or four 
central rLtof-sLayH, or, say, half •■le rr,mi:''r, to tie- crown 
of tha tliell, ia of great utility iastrsogtbcnin^ the boiler: 
tba oaubal noMayR an; the nott in aead of such aid, for, 
aatraa shown in the t<.Kt by watarfnannd already qootod, 
oat of Liiglit pwf i<iar^ tho (ou in tha niddkvtia <ba 
Ami anil only oimm to £iv« wa^. 
In tba Mgn «ir lotMan ^ ^Imdd, «r eovMb ba 



aqnaUy itnac Ibmighont tbair Isnglh. The best plan 
iitotaBoadnt^reftwopbdniatplatai^atadded and 
livatlad teipUw, aiiflabntty a|»rt to imait tba hsldiiv- 
liown bolla batwaan UiMk 

8UU AajhMfaL— II fMMdai a vurtlm, whether inm 
or eopper at tba be* material liir itiv^-bottt. It ii set 

I a question of strength, Ifar eopper is-abondanlly atMUgf 
enou!,di, though iron ia altimately atmnger; bn^ udaM it 
U wisheil to prova a lioilar to a liBiatiiig piannie^ tha 
superior sirengUi of im is mi of any dinet pnotieal 
Toioa, inazistiDgpHMlloekaaaitvl>i>l*> Tba qnaatien ia 
one^ not of stmigth, bat of daiabDily; aad tha diift ef 
evidaica appears generaOy in Cuwiw ef eopptr bo l to 
inm bolts proving, in general, ■ora anMiaplibli of eono* 
■ie% and mn liable (/> f mip. IndividHd nakaia ]daaa 
irdnat^^laintlie upp<;nn<ii( two or fbne lowa; and 
the lemaiader of eopper, ea lyi^ nam tritbtettakUlnia 
of eomoTa taflnonoea Tba piait ahva hta bean laid 
on the superiority of the atiength of iioa orar ooppar, aaa 
material for sUy-lmllt; and where eheapneaa tells ia bronr 
of a subelittition, as of iron for copper, Uie mechanical 
induocmonts to make the cfaaa^ idiould be decided. They 

. are not 6o in the present oonditioin of tho question, and 

j' therefore, in our judgment, copper should be preferroi for 
the material of Htay-Uilts. AnotlHtr queatiou supervenes, 

' of much grcatt^r import, iw to the quality of the water U!te«l 
in loooinotive-l-oilcm, for tint is. no doulit, oiw; mum: of 

1 TOmwion ; to thi«qiiCBtioii we sh iU return at another linic. 

I It ia ohvioiu tliat, in the w;iy l. ii-.^r.i are constracwd, 

II the entire pre.-, '.ire en the omf of the CreUix, or, strictly, 
j v.-..- u llii- ir ri&oit il rirea f iIm- li-u-o of the fin.-lio.'(, must 

be n.'-.y.ite'l I'y llit> siuy-lioiis utiii the mediums of junction 
at tho base; and it is not im|Kj-tiible that tljo .l .wnwrard 
pressure considerably ntniiiw thtw Iiitenl o'.erbuiio 9U|)- 
1 jiorts; hecside^, the r.\ii~- u'. "\[i:vii.'-m'0 ot iron ;uul copper 
' under I'arie'.'i's .f (eiii|.etat'-ir'.' an.' dilS'ToDl, A loponio- 
tivi' b il'T i.i 'btervt'l '.'I e.-v|i;iii i f.tlj \ncb in a length of 
l.'i I'eet. vr, fiiy. 1 iii ICI'MJ, io rl-.io„' tr ui an OAlinary (em- 
pel.ilciM' of iIl' t> rih'i — till- teiri|>!'r.it',in' of 'il^'n'ii of 
t 'ti) lb-,, po'v-nre fM^r ineh .'\^viin. i\o>>r'-;::iL; to '- r Imary 
iioiuilbeol i'-Ale i t.'i l.'i, '.'"[ii'-'r eximiiJ'i by hi'.i'. half as 
j much ttjjain as iron. aU'i, takiUjj; the mean touifx-'racure of 
I the eop^ier of the iirt^box at tvrii.'e il'< loiirh tu tliat of th<! 

shell, — an a^umption which, we siipjw>si.% ix tjj.miething 
I rnach below the fact, — the vertiwl expansion of the firo- 
Ixix would be, u(KJU the whole, t!iro« times as much as 
j that of the ^^hell, and the ditferenoe of expansion would t«' 
twiiH) that of the iron, or at the rate of 1 in .ilM). On a 
I lirebox feet 3 inches high, the dilTert-noe of expansion 
woidd, at this rate, aiuouiit to i inch. That is to say, the 
upjwr stay l>olt.'< wonld 1» deflectod J inch from their nar> 
I nial p isition, when under the power of high pre^sl istoatti 
! On a length of 3 inches, a delli-clion of I imJi iit iomo- 
I derate; and, conaderiag tii« alt«rn«t« expansion aad oon- 
j traoUoo, bending aad rehuting, attendant apoo ffittit^ op 
j stea.ni and letting it <lown, it is roaionablo to condn^ 
I that the ^ino cau;e ' f I'v^r.ulatiao is at work with tlw 
stay Injlta as that alrca<iy suggested for boiler plat« at 
the rivet joiaLs, — the nitematioil of strain, ten.iion, and 

il relaxation, whieh loosens the texture, and uldmately 
overpowers the oobeaioo of tliu mati;rial so treated, — ia- 
euRiag partial fiaetore aad aetelMatedootToaiani C^thia 
aismnan^ Om bilm «r aliV'bdlta abooU, M m ftel it fa, 
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be locdiad si ar uw fbdr Jonelinu with tb* ]ilaita% 
wUdk an tt« poiato «r mndniiB ainio, imihrly to the 

tirt ittn of rimto u« fiMnd to «Mpp«d tetom, daw 
tvtiM pl«t%ind«|wiideiitlyof ooRonva Mtioo; mggMtiiig 
ft OHM of Ulan precuely tlia nmo as that which bittlu 

axles, —an alurnating lateral strain and Mkutim, h^ 

yuiiil the limits of ondurini* elasticity. 

If lIlU lie [hi: <-IlU.NH nf tl:ii I'lilui f -iUiy iml'-S, i'. f.JInWS 

lliui. IIS Clipper Ls moro phablu tliaji irun, copitr h tlie 
tQor.' siiilalilc materiiil for stay -bolts. 

In t-ur judgment, the iliscusaioa of such obvin jj jijiy^i- 
ail ciiuvs of the dHorioration uf builrrs, is tif,r<; vilisfiie- 
U>ry tliaii frr« tpeculalioil OD electrical iallueuce, wbioh is 
greatJy over-ntad, and whkih laiidB to fidie wnBitiUnn, 
and erroneous praetiMi 

The raMOM above adviuioed, aflord aa erplMmUnn ef 
the £ut, that finbooaa with narrow water sijoo^ arenum 
Bulijoct tu laebige than those with wider s^kace^— the 
itayi baiag aharltr aad Ian flaxible ia the ibnutr eaa^ 
•idlUnliertoika Ibr the Mne Bie«Hi%atay4Kiltoflr 
aaailar diameter, aofficiaDtijr atnng, en pnftraUe to 
oIlMn af kig*r flemeteR Thigr em moie eleeliai end 
yiiU te weiiiial eqieodm, man leedOy tiM tlileker 
mi an thenfen likely to be man dnnhb Hie 
oUiqoe stnia to bo reaiated is similar in character to ttiat 
which ttdU upon weak wrought-iron wheel -dpokea, under 
exc^iive sliriukage of tyras, c rivei tiKg them into aerpen- 
tino or o;;eu formi As the durnti ni of wh<^cl.«p*jfccs, 
under such circutnstauoes, i» incr<!ii.-<r,i i y eswui iin;.' tlitim 
towards their jimrtion with the cave ami with the rim, 
iiU'I riiiiii'iin::; tlirm in; s.i. that uf fst^iy-linlLs i:< •uipnivt'.i 
by luruiug oif liie ihri^d on the ruiddle port, now m>iu<;- 
iitnci doDo. Probably, the applicaUon of the principlo 
n^ght be advantageoiu^ extended ; and our beUef i* 
that » e^eriOT inn ahv^-liolk he nude KMR er lea 



r<je. 




of the forms, V\g. 34, in which a -J-incli screw ia turned 
down to i ineli <<r i inoh iliiitntiler at ihi- ini'iilli-- 

it litts Ixicn remarke.! 'hiU whon the lii-acknU liv whieh 
the iirebox-ahell w suppurt^-d uj^ni tlu^ (mm: are amiUl. 
the adjoioing stay-liolta are liable to be overstrained, and 
leakage ia incurred. To avoid thia, and to dlstrihute the 
atrrnin, the hracketa should be co-exlenaive with tlm fire- 
box .»hell. 

Material of Boilen. — As there is a limit to the 
atreogth of boilcn, in the imperfection of the rivei-joint 
ocdiaeiiljr aadth it pnbeUe that inaneiedatnDgth will 
be a««U M Um denUo-weitk «r n ihe -wddad joiB^ with 
tUdcerinepUte^orie atail pUta. Welded tttel phtai 
en Ukely to be edofilod aMnet^r >w loaomllvo-boilin; 
tai, beeenn tliejr en atnof ; ewMd^ beoene ttar en 
eOKBd, A total abMOOe of flaw ii the chief daeMHietum 



ia boOerflal^ eqieoieQjr ndi ea b Miljaetod to An on gu 
nde and ateaaa-preMon as the other; and toofh, b«ao- 
gnaonataeliithetJiingwBated. It wonU aaawer wall 
ibr fln-boxafi — thin, toogh, and etrooff, with a anperior 
power of reaistiog corrosion; in exfiansihility by beatt it 
i« nearly etituil t<> iron, and could l>o usod in ooojaaction 
with iu 

Stwl til) >c^ iiru now eOOceatfuUy uiauuiacturod ; they are 
cheap. L ti i:. r~ua OT bn« tabea^ era bardar than either, 

and wiMi- wciJ, 

In iiiii'. l;x:rj£ay>ti\>;-biiiit;r.H luiij, We ii'i\niiUiip*i»u»ly niado 
of Bto-'i tbraughuut,— ahetl, tirehox, aud tuljia; at teatit. 
the firiil'DX limy 1"! of »U)el, iu>d th« shell of Yoricahire 
iron plate, witik tuijea of biaaa lATge boiled^ of the 
Cornish type, have iMao laede entlNlljr of atael, aaA thajr 
work very well 

Binding Hoojit. — The use ofntccl plate in tho constroo- 
tion of Ixiilers would probably introiluce other niudifica- 
tloDs in detail. There ia one which might bo employed 
beaefioieUjr in iion boiiany— tofti^ying the boiler by the 
eppliaetioBor hoopaahnnket iateneienpoB the benal 
of the boibr, ee vmq^kUnai boopa an dinnik oe the 
cytindan af wetorjwiiiai An iaqiaitaat eeeaeilOH af 
I etnngth wotdd be thne likely to be aoqoired, by a pro- 
I portionally amali adcBtiOB «t mataL The propowxi boopa 
I would act as a aeries of abutments for the interinudiato 
I sections of the boiler : just as the ends of the ) ioiler hind 
and .-^titMiu'l Ivrininul imrtiuiit! of the barroL In 
proving tijf ulLiuiiite .strength m" n htiil.T m" ;;rval lenf»th 
in proportion to its diameter, the central pjrlio:! i; the 
lirst tu t'nii. What wti nuiJS'.'^t to iipp'y int'.TiiwJiato 
ahutmeuti 

It iitminUiKC'', tu UoUapx. — ilr. Fairliairn, ih'aliuf; cxperi- 
! mentally with the converse problem, — the influence of 
I length on the reaisConoe of tubes to oollapae by external 
preaaure, — fouad that the resistance of tubes, &xcd at the 
ends, varied invenely aa the length ; and Mr. Harvey, of 
Uayle, find* that long flne-tubes are materially atrengtllp 
eoed agaiait collapaa by the insertion of angle-iroo kocfia 
I eftlilaridtwiihiitthain; aoamebaeeatoeeaUebiaito 

Kdmam, <f Newtoii^<lloor, flei^ the ^lelaaaf flna^ 




and riv«>t« them togetlier, with a ring h«tween lliiim, m 
in Fig. 95; this plan ia used in the conatruction of the 
large-floe enginea of tlia Stockton and Pnrlinrrton Rail- 
way, working at oodaaotepfaasure, anil cives sAtLtbictioo. 
At the high-preaanrea now generally used, we do not oon- 
aider thia arrangement sufficient for large flueit, particn- 
lariy whaa tlHy MoflaMopped, BB ia oambnation ehamben; 
tha«anaa«tobebraalad«ilhoiitaiaHMHii>theeiieuhw 
pertly aa wen esgbdaretaya on tiis flat tope, pitching the 
belta ak, aqr. twin tlw iniaml adeplad in atayieg the 
firebox. The aoiallilne4abaeanpaaatiaBl^b«faBdthe 
danger of coilapee. 
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IBZSKIKOOT OF THE BOQXBr-OP FUEL ADD GOHBUSHON. 



CHAPTSB L 

The CoMT^usTTny of Cokt. 

It hivs iOn--'i iv ln't-ii rilj-wu hy ihft iiuOiur, Uy a pri^ccfi-s 
of nitN^h.^niirsvl unalyvis, t;nit the coiiibiiHtiun of coko in tho 
firt'Kjx cif the i-inliiiary Itxsoniotivc if pnM?tica!ly coni- 
jiloU'-* Tbe wii -lo heat of combustioa of 1 lli. nf ^- .id 
Houu'l c'lkt' lound ordinarily (o b« diitjxMoil of ii.'< 
i':.ii:iwK, wiii-n thv i«iii|i«ratiin ia the HBOhalMiK did not 

7"' [-'^r v»j[Lt. 13 iL? fiiriiLiliijii f f i''':irii. 
It^i per cent. 1mm bj the licot oS the fnaoi in the imoksbol. 
per anL dnwtoddir MlMaad Wtib 

lull porta. 

Thin appropriiUion of the pcrEirmaDc-i' of 1 lb. uf .:■ ke, 
•U basoJ on the chemical fact, that the uiaximuiu MV:i|iMru 
livL' power of pure coke, entirely carbon, is expnmN-.Ml 1 v 
a tritie more tluui 12 Uia. of coM Wttl*r at fill" cv nitmj 
iiitti high |>r«.iiiur« Htwuii, hy I U> n;" i .iV:._ Ot' ihis nUi- 
iriate [K-rf >nii»nw, 7H |»:r writ rcprcwntu the cviiiHirntion 
of 9^ lis. of water, iiml 16J per cont ropresonts tho hc-it 
uarriixi olf hy the producta of combustion, which, if 
ecoDOfnizi.-(i, would evaporate extra 2 lbs. of water. 

Thcso condusiouB, based ou a mftoh'^iiiiul iin.^lynL'i, and 
publbhed in 18.12, were, it Li witinfa. I.jry t i id, sulnrf- 
qaeotly o^nroborated by the rwiilu of a tliciaical aniilj-sis, 
in 1853, of the ]>ri>ilu<;t!< of the conabuation of coke in the 
engines of the Pari* and I/,nn5 Riiilway, by .MM. Kbel- 
neu '^-i.i S^mvage. Tbey cxiKiriuiMut*!) with [ia.*!enger 
and goods engines; and they fouud that tlie pro[i<irliiiti 
of carbonic acid ci:>ntaiijeHl in tho gwm ccUcctod from tJic 
tubes at Uw amokebox rm], wrxx grokter than is found in 
the BMW from ordinary l-ii]>:i-fiinuioa; irhilst the pro- 
portion of ftae vtjfgm due to the excess of air in the 
dnogbt mn iMt in Ilia loaaaotive. 

In the iMmif|*er engineer end mised-traffio togiut*, it 
WM fcond that the ptoperUoa of caHMoie add varied 
Item IS to 18) per cent of tha Mat valmna lit guae 
TritlMMit UBj traee of carbonic rriiiH- Aoiring the eatiM 
convenion ef the euban into eaibmie aci4 •»! ebc^ Ib 
tho latter euek of all the eo^gm adnttted to the fliraaee. 
With the aid of ga<Kl ittddng, the ptqpeition of enHMHUo 
eiidfh er insipeiiiMiUr humt earbM, itn(f eiBaadid 2 par 
eeet, of the irlwle ndatm Ib tho goodMogiMi^ with 
deep «hei|M of tokti • gmtir p ' OiMtiieH of eeriiOBic 
oaildawae pndttead. WImb theflro waa40iiiehe« deep, 
thm was 7i per eoni oT ondei ia tUi ooiuby. that 
wnM 1m nckooed an aitnaidinKy d^tli, nmh beyond 
eidinaty praeUae Wh« etaea rini the 
prodaotioD of oarboiaie codde nee aa hidt ea IS per eeot 
artbeniiN 



CHAPTES U. 
Of Oouv An n» Oonumoii. 

^H>e complete, smokeleaa combustion of rcaJ, a.i fiu l in 
leeMwtiveg^ is the diief qoe*tioo of the day iu railway 



iKni <n!i;iiic.M-3 .iT^j b'.iiv with the practical 
soluiinn of III- ]a- ilili-ui. 'ihf •. lifir.ii-a! hsstory of the 
<;onil)iK.".:i'ii ■if nia!, in iw practic-J njl.it^uiK, liiL-t l.ix'u 
rf]i«uiU'illy aiid thoroughly expl.Toil ly i- iii|tfti:nt :n«ii. 
Of thdw, the eiirlieat aii'l m :st i:'<iiicuiiu- i * Mr. (.'h.irles 
\Vyi> Wlllimni, of I.ivtir;;.vi[, tn u hoin ttif world k iimch 
iii'lrlit...-il t' r tliv til' ;r"UL;l. iiuiiu ti:ility. i\nd i.n.-.Jity 
wiU> wliiL'li ho lui» tri'atod tJic .subjtict, aiid tiii? unwearied 
(Kii-Unacity wth which ho hiu« (sought to impress his 
view* on the public mind- Much ridiculiil he hiia bwn, 
no doubt; ih:it i.-. lit^usc. foclint,' :-tr ir.t;ly, nitU 
emphatic itemliun, dwelt u[iou elcment.-.ry triilln nli-rli 
nobody was suppiwid to tpiestion. S;-aii inii^od Im.- Ii;l-i 
been, too; that in tM.xaiu.ii% n^^rdless of tho t'-.tlin^^- atnl 
inter&vta of others, lie li-w deuouuoed as ea!| iii.isni -in 1 
ij'i.wkery, that whiih vioIat«!il hi.H aen*a of 'chcniicii 
; r ipriety." NcvertlidvK, Mr. WilUaiua has lab-surcd 
wi'U ami efficiently in the cjiusc of iiial ocinibu.itiou and 
stnoke-pi-eventiou. t 

Tho ijuintion of the prevention of umokc ha-i lK!on in- 
timatrlv luwicialtid with that of the combustion of coal; 
and it is exiwdienl now to treat them conjointly. Tlii-y 
are, indeed, <Hwtit.i<dly one qoestion, fjr, if coul lie who- 
pletelv burnt, then cannot bo any smoke; and, otbcrwiw, 
if there be smc^ tho eoeJ it cerUiiniy not complolcly 
burnt llefore proceeding further, it may be wall to 
iiiterp:>^ a detinition. 

/>'f)/i;(ioi<. — A'liio,',.- is the visible cloud that emerges 
from the cliiniuey of a furnace, consisting of the vohitiie 
products of coiiibiLHtioii, made visible. Most of tlie pro- 
ducts, individually, arc not visible; but, when oolloctivcly 
thi-y are visible, thoy arc c-.>llcd .tntoke. Smoke ia of 
variotw colours, of various hues, — yellow, brown, black. 

The obnoxious ingredient, or colouring matter, of wiwike; 
consiirte either of onbomt gas, or of the matter of coal in 
a higlily coouninuted state, cocaped unburst from the 
Bat Ofdinaiycoal is not a homogeneous ku1>- 
; the combustible matter of it is (band, by analysis, 
to onarint nuunly of carbon and hydngen: — carbon, dull 
•ad meraponlilo,— hydrogen, the meet daatio gas known, 
•Hrt the of the scale. Aa ooke and antluraoite 

eoal f^f« no amokiB daring oombostixHi, although composed 
of the veiy natter of im^s^— of almost pui« earboa,— it 
ioUowa that tho pmperty oC — oh n e eki^ ie in aeoM 
way oooiieotod with the ^dngatef ooal; aad that due 
gta, the most perfect ^rpe rfgaseity knows in Bhenri s tr y, 
b naQy tho enae ut those diflfandtiM whieh otaad be- 

of a eaelodew 

The oonalitaMt kgpdxv- 
gtB boMMtated in ehootieel tinion with a poitioa of the 
ceitoa, ftndag with it a eompkx gronp of ooai|ioaBdi^ 
known ooDeetiTelyas ttydnt-earbans^ whieh p resen t thMa- 
edvae ia yanooo ftnu^ wlnit npintid or dietilled, hf 
the applieataon of hsat At the lowest temperatnra, the 



wwafly ami PnuHcaUf (VsrfOwrf, ly Ife Wilhsifc : 
Als«i|barth>MaseBlhin/WaJ>wye»t*» iV »si istt «B<f^Jesii 
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TBI UUUBUSnUH OP COAL. 



(■r - ■ 1 I-' 'iLi 'lini- i ,-vrc i?hioriy oiU. i.viiris. nrnl like .liMiiic- 
tivi: I iiri,;. lUQ'ii, vii| xirizablt! at lfin|icr.ritnr« utiiItt vl'.I 
tivur- \ Biimrwiiiit liii^her t<-M]«-nif iirj brills;') urF tlir..l3 
lA' vnl.atilu rliivr.irtor. a9 liUfilitlui. A lii;';)iijr ^till, tlio tlufd 
stnp: i.f l'Tn;>3nitiir..\ [iM.lii.vi th'- ricli ..Liiiiiiu:itiu.r g.xa. 
':]oti.Tn* gn,^ or bi-cii"bui*t;t*-4-il liv Jru'.^-jU- TLm fu.irtli ^iA^*^ 
;i ■ li r^aathe common pvs, i-;irl.ur.'iU!ii liy.irnir.-n. '.iliirli 
nmtlUUes fcl tw f^\-l-n ctf alUjr the rM:il r-iirl;.-.! ),,«■ 

red he»l. But. tho t,i;ii)'crnluiv rjsi-s, pur.' l>vilrogi!n 
lUso is givi_-n cff; until, lliuilly in •■ii' IllUi nrni litst i-t-agc, 
hy.irMi;i-n ■.'.•ui al'ini- ii (iLsrliiirip- !, Whut. ri:iu,-iia!i U Uif- 
flxod or si-'lid csuImju (jf ci./il, — tho coke; with earthy 
mtttU;r. — the :t'h ut tllt? cnril 

These hyJr>vcatb<>i».i,--i-^]«-ri!Uly tliost- which are given 
off at Uiis lowest teiup«nit iir. whicli .u t! rid>B<t in cjir- 
boti, — constitulo tho flame-ami-smoitK timkiti^ (wrt of tho 
ooal ; anJ the greater tJi«ir entire weight as coniiiar&i with 
that of tho ilxDil carlinn, tho more highly ia tliis chuacter 
<]uvc!<>]*il. When subjcctoiJ to degreei of li«at much 
ahov« thi? lempcrnturm required to vaporize tliein, they 
iiccoiiMi <lccotnp<j9)Kt, and pass Buceessively into more and 
more permanent fona^ by precipitatin^r jwirtionn of their 
carbon. At the teiQp«raturu of low n- ii i jii, :r nc of thocn 
Are b} be found, uid the olefiant gn« i» the densest, typo 
tbat reiuaiu!!, mixed lugely wiUi earbarettvd hj-dro^vn. 
and free hydrqgML It is in thes^ tnin-<rorn>nlionii tluit 
the great ba<l]r of amoks is proiuced, wIjao t\u) precipi- 
tatad carbon paoea affuncoiiil:>iii«il ; even oleliaiit gas, at 
a brigtit red heat, depositi half itt cnrlKiu, cbaoging to 
carburettad hydrogen ainl this gM inaf dqioait tiia bat 
remaiDiDg equivalent of ciirlKin, Hi (ba M|*f«% ftniaea- 
lusnta, b«coining pure liydru^en. 

ThroQgliout all tlte primary and secondary eonditionj 
eftlia lqrdrO'«Brbon compounds raised by dbtiltatioa from 
Ma], tlie hydrogen maintains the lir^t claim to the ozygea 
present above the foaL; until it is satisfied, the predpi- 
tate< I carbon remains vrimiBi. 

Tim following sunwiary. Table No. V., iiresenta the 
mean composition and characterisitic^H of Kuglish, WeUl, 
and Sooiek co*i», dsrivad (rota, the hqpori on Ooait Suited 
(»llleildyi(Jirmy>- 
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It afitv-ir^ I'roU! thii aujiiriuiry tiiJit tlje cotispjeition of 
liriti^h 0 i:i!s averages, about 80 fier cent, of carbon, 5 per 
eei'.i. of hydrogen, 8 [jer cent, of oxv;.'«!n, H (ler cent of 
nitrogifn, 1 \ pi.'tr wlih of siiljrhiir. ivnd (■ [ • r ri-Mt. {A x^\t^'^ ; 
absf>, that t-IiR rf>l<*: or fix«d oarlKiii, iln diNl]!t:;ui-,heJ iivia 
tlu' VI iliitiliz.j i cirln.m, nvernj^cs a littli- ovw W ]>er oenu 
of the weight of the raw material; leaving the difierence 



■if 80 and r-ij. or 2i> (xt i.vtit., of «irli.in, to pass ofiT with 
the liydivi-^in, tornuDig hydro-carbon compounda. Tb» 

be aa follows: — 

0«]tf(^ aHaiiM, nlfhu^aAp is p«r toab 

The aoniidaniion of tlie eondilioua of tlte perfect 
boatfm OHlt ia Mmd ftgr 4hB Mil 



OEAfTtE HI 

The CinMiSTnT or niE CoMmr.mos ok Coal. 

One pound of hydro^n unites with, and requirofi, 8 Ib«. 
of oxygen for its combustion ; menauring by volume, one 
ottbie loot of hydrogen requirea just half a cubic f jot of 
osfga hi Mnboelioii ; tha pndnol baing ateaui, ai{ueoaa 
Tn|KMir, or water. Oxy^n in nxt««n timet a* weij^ty aa 
hydrogen, and so hydrogen ooinbint^ with eight timea 
its weight, and but half \U volume, of oxygaBi la nund 
numbeni, 1 lb. nf hyiro^n is £00 cubic ftat ia MIk, at 
ri2" Fall., and the combining volume of oxjgen is 100 
cubic fert. 

One pound of carVmn unites with 2| lla ix 32 cubic 
feet of oxygen for its ojiuiih.to ooiubu^liou, forminj; car- 
bonic acid. One pound of carboB amy aUo unit« with 
hut half thm quanti^ of 4n]na> 1} or 16 cubic fe«t; 
lieing a eaaa of inoonplcla oombiutioa, and fi>rming cm>- 
lionic oxidck 

AtmoafiiMiu air ia eaatpomA of oxygen and nitrogen 
in ibe pfopoirtiaa of 1 Ik of tlia iimiier to 3| 11& of the 
Inttw; m, bjr votanie^ 1 aobio foot of oxygen to 4 cubic 
foetof oilnffn. NUnimla* neutral goa, in comtMNtion, 
and is ptHMok m a Ahmt ifaBpljrs and tat avnjr oAie 
&a(aifoaj|BBmiaiNdlBambiiikoa,San1iia ftatcfair 



It fiOmttaik far fba aanliatioii aTl lb. «f hjrdrqgan. 
SOOaabiDftttaTidraniaqnind; aad ftrtba aoBvUa 
oomboilioa «f 1 Ik aTairfaoii. IWeoUaMaT^ an 

reqnividi 

Thaw awthaaaailMiiag pcoportionaef h yJwi WMd 
carbon widtaogrieB^aBd air, in aanAnlliM. ln\ 
the praaaaeaaf aaaxgOTof oTganabovia tint 
chemicallj afipnipriaMti* awotial to the < 
the oombualton of tlwviiltliiiltd portiona; I 
of excesi ne co iary baaiaiiii Itai aatlw (coeral 
ture in the fumaee baeonaa gnaltv. 11 ia aat aaalfiil, 
for present objcct\ to entertain the qOMlta af «SaeH «f 
air !<p«H<iiicaliy, nor the relative demaada af llw wiatica 
of liyilro-iurhona generated from coal It sofficea to iImw, 
gensiiUy, the proportions of air required for full chemical 
utiion with the volatile and the -lolid portions of the fnel ; 
and lhit.1 to illustrate the relative imrvirtanoe of tho claims 
of the cpvtif ii]".ri ilu: ifenoral f.xy^' -i '"i.-i h It was shown 
that the avonnjo propui-tiuu of v ulaiilu-.. d hydrfKCorbons 
was 3o per cent., by wi-i^rlit, of tiie whalo I'r.'iy of coal, of 
which the hydrogen corwtituU-'i .O i*r cent, .-.nrl the car- 
hon 20 r*' cent.; and that then- riMiwinod ijt» f*r n-nt. lu 
aolid carbon. For illuilration, tako 100 Iba ot ouol ; tticn 
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the relative (juantitiet of kir cbenueBUyeonmniod in mwi- 
pl«(dy Uiruing tbo cambuiUble demanb^ an u foDom 

_ _ ^ i Ilviifi fl Iho- cuDituIDffl !if»<"<l Cdliii: f"«t of air. 

TCUWe, ) I , ,„. 21) lU. do. IIJUJ do, ilo. 

.'jT<)0 

riai, Cvhon, 00 IIm. do. 9000 da. do. 

S5M». 4ft in[aao da. 4o. 

In roUD'T nninlH.T', r'.ir tlio cutnfJeU* onniUuiitioii of 
lOO lbs ct' co!\l. that ix, of its oaibustiWo dcmviiU-s 
1.^.0<K) cubic i-jet ot" air in ciiornicjx.jy '."vnaiiraod ; or 
loO cubic it-el fjr 1 1' . nf coil. And, ut'thu supply of air, 
the TolaliU tixf I ek':iieLLH coiuume respectively, for 
the vuUlile, al-jut W \i(-r c-tit., and, for the tixeJ, GO per 
cent.; showing tbjit. of t tit; wlinltf ijuautity jfair rt.'<]ir.ri;-L 
for chcmi<'4il crm-'titiivlinri, I vvtt fjiUut, or iitsirly uao-kalt, t-i 
derairi'l'.'ii !iy tb'^ (■■unbnstiW)' 

It' aii'jwnrii.i! !■« in*do for thu oucctk of air (iractically 
r-i'i^'iircd for the comploto coiiilmstiori of tin- — ?.fiy, 

tiinie-fauitha more than the chemical <x)uiv*leiil,~tliii 
total supply of air required for the comliiHtiaK cf 100 lb*. 
of cool, would l^ie aa follows : — 

ViiUtiln rlduoiiitii, !K>7.'s of, ujr, lOf)W> enUc (Mt of air. 
nudtlMBtnl, MOOt IV, Mgr, tl^OOn da. da 

TMdflir lOODhaareetl, SVXWmUeftrtarilr. 

Thu.i, fiiL:illy, it ;i I'^tiinito ], tl.iit for Ibi^ !• niplute com- 
liswlioti o?' Hill lbs. of ooil of .AVfT^v-' compisition, I.5,0t"K) 
cuVir f ill of iiir uro cboiiiijaUy l^3Il=iuml^ i , and thai 2t),(M)U 
cul'ip fwl of air are n^juirfl iu [HutticK, or, 200 cubic tbct 
cf air l.r 1 ii/_ of toai. of wbicb on,' l:alf is devoted to the 
fixed {Hjttiuii of the fuel, and one half t<i the volatile 
portion. 

Tlie imjiortanoe of the ithare in the tiu-^iiMsss of tlie fur- 
nace, taken t>y the volatilized ports of the fuel, ovi<lcnced 
by tJic Uiy« proportion of air allotted M it, ia enhanced 
hy the re:U'i;lio:i tliat tbo il.jvulo|i:in-nt of hi ut by ojia- 
bustion is geQcnilly in tlit- ratio of the cjuaiitity of oxygen 
chemically oomi.iiii-jd iu ih<: [troiMK; luid tliul, tliu.s, the 
heat developed by the ooinplete iiinihuntlon of the volatile 
elementa, is 40per cent> of the entire quantity of heat gono- 
ratetL Tliere i», then, scope for the economization of fuel, 
iw well an for tbo prevention of aiuoke ; but, aai titers is no 
doubt that mach of the air consumed in burning tbe vola- 
tile elements is drawn tlirougfa th« grato, in company 
with that which is d«vot<!i| io tbe solid portion, than 
remains so much tliu lasi frcih nir to be thrown in abore 
or beyond the fuel. There are, doubtless, empirlehrta who 
do not lielievc in tlio increase of ecuuoiny by nmoke-pre- 
vcjition. Unquestionably, however, wbni the prevention 
of dense sinoko is not accoiiijaniisil by » matorial saving 
of fuel, there must be a want of odjostment of the ap[di- 
•DOea, aDd nsceaaarily imperfect combustion. Carbon, aa 
already stated, may combine with oxygitn in oni? of two 
proportions, fcinning carbonic oxide and carbonic acid, of 
which both are i*i>ltmrlnin but i& Um pndactiaii of the iar- 
mer of which. miMik Um Itwt it d«val<i|iad ^«fn ja tlwl 

of the latter. 

Besides the combustibles, hjrdrajjen and Mlboa^ Um 
oUmt «lameiit$ of coal,— ox;i^ tuHa^m, Md Mdpluiiv 
■ndiiTCiioffby TolaUliutlioL Tlw ogcjfm,4ioaititHtii« 
8 pir ewi of Um «iiliN mm^ mj fmMy teka vp ita 
•^nlvdiBl of IqrdnsninfhaicDawoCiVMmiHni Iwt 



it ODiiat do omcli in tbis way, as the entire S per cent, 
of oxygaa oould, on that supposition, take up but 1 per 
oeoi «f kydngBM, aa ill dwiiiiial equivalent Ammonia 
is tb« prodnat af dia vnioa ut bjrdrqgen and nitrogvn, 
and nay |Ms*ibl)r, ia liica maanar, be driven off diiaot 
from tbe coal. However (he diemioal details of coaa- 
bustaOD maybe dovolopoi. it u certain, as a fact^ that 
hydrc^n from cual, prv:ti>-i1)y inuno|K>lize8 a oonaider- 
[ able portion of atmospheric oxyi;cn. for the supfjly of 
which, Uierefore, to the hydrcrgcu, provisiou must be 
made, without prejudice to the re>|uiremenlii of the SMd 
carbon, in order to elTect eomplelie ivmbantion. 

Much discu%%ion has ansrn on ll.i- ijnijKtjori of (I'.t' cffco 
tive heatink; power of Ijyilro^cu rajstJ frotii cj;iI, and its 

\:ilut- iu tljal n-^^pt;^-t i\:ltljMire.i With Cilbtj:!. Di^.'iL^juQ 

uf tlu,s kiu,l i^ not lilcf-v to prove of itiuob utility, a-j l:Mrg 
JUi one C9«tfnt:al ob^ni.'nt in Ibi.- <pnv,tii>n tht* Jiiiiuunt fsf 
i heat aVworbcd from tbi^ L'onor'il stoi'k, or n-u b-r.'.l l.vtcnt, 
|i in gasifying the lij-.iro 'arboTH, witli woi li ■ i bydro- 
I gen is chargeable, cuntinuoi to ix an uiiku '.v t 'piintity ; 
as the evaporative efficiency of hydrogen ia n.ia.'^ureJ by 
the quiuitity of b«at d<'v<-l(i[i«-d in its utii on witli oxygen, 
minus the bent ubsorl v i in tbo prclimirnry t.i-ali«m. 
One thing is cle.nr, tb.»1. in .-rder to mako tlo- '.-.st of it, tbo 
hydrogen, once vol.-.tj.i/.cd, sboubl bo oxi ljZL'd, as v.-tll aj. 
the carb'>n a-Hsoi-inu-il \Mtli it, in oriJor to ivaii,"^*-^ tbo large 
nieaauri' of Io ik ^••.■.-i!tt.u>,1 bv ".io-ir o iiilia_>Li jii, Tbt-jo 
IS a fiv ■iirif«_' tb''(.ry. l.aviiiL,' at !o-'(St tl'.o rr.i-rit. ^'f sio'.pii- 
oity. tliiit tlji: co-a'iri^'; p.ovor of r>>\'. i^ jiist .■'jinil toi tii.'it 
j of tlio '.'i^ko ■liTivc'l I'ri.m it. '.rliir.i a :iiamiii»tly absurd. 

It woiiM bu iioaror tbo trutb to s.iy, tbat the heating 
, J.OW..T 1 1' o al is inoa-iiM-- : by that of its constituent luirlKjn. 

-.!viri. nn! of Ibt: f.\ ,:y nilivu puveni of coals abstracted 
' iu Taitio No, v., lage IS, appears to support this mode 
j of estimation, in so far as tlie evaporative elficiency varies 
I generally with the percentage of constituent carbon. The 
^ perceutagi'S of coiL!>titucnt hydrogen vary williiii narrov 
liruiu, luid do nut oiTini data fc>r any marked compuisoa} 
but it may be .^uggestetl that, generally, Um avaiionttvia 
efficiency is less as the coDstituent b3rdn>gaB ia greater ia 
ijuantity. Neither the variatioaa of tbe bydrogen nor 
those of the carbon, hoWBVei', suffioe to aoaoaot liw Uw 
coniioratively wide differences of effieieaey; but, w m> 
fcrring to tin- next loluiiih, — of the ennrtitnenl oxygau^— 
it is remarkable tluil the ellic-iency of the fuel decrcasta 
guhirly aa tlia pmsatagc of oxygen iu the fuel increaaas. 
Welsh coal, utth Aaat 8t per cent of carbon, and 4 per 
cent of oxygen, avaiiaratas BUS 11a. of water par Ilk 
of fuel ; whilst Derbysbiie eoal, willi aboot W par emk 
iif i-^irbon. and 10 par omt of oxygen, mptntai aaly 
7 .'>s iiiH. of water par lb, «f fuel. The dUAnMaoTcarloa 
do«a not eiiffieiantly account f>r the liifterenoe of arapoi*- 
tiva aflidani^; nor does the ditference of hy'irc^gan, wiikll 
ia pcaotioal^ tka auaa ia both ~ — Xha prima aaiM^ 
•ppamtly, it Ite osygMi, wUak » in gnat aaoen ia tin 
infuior eoal ; and an axp l a n atio a rsMUly oaeata. All tbi* 
«^r8«i BMatt ia tbe flnt plaoe, b« vdatiUaed, and iiawi 
abiMi1> a ptctiM «r ktatk wUeh ia that Awtad ftatt «ha 
Iwiiliiw af avi^MHdioft^ aad linaqghf bo dovM^ tt tHQT 
snbseqnintly raskirs tbe beat (bus tamporuily abatneta^ 
in mmihiiilBg with tlia liydvofia aa a git, jilL, aa «OUp 
paivd irith atBtmpharia tmjgfa, iriiia^ in tlia abtinca af 
loUd aygaa, aapjiiiat ita ptagt^ dw aoUd «a^n ia at ft 
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disililvADtA{;«, in su far a.^ ntnn Hj.l.i rii' uxvi;iti it jii 
■t cmw in tiw half-convfctod, ■ Jt-sir.iljli- I'lirrliti- m of a f^tm. 

It appears tlj'' I'vnponit.iv.i i-rtii^'nii'v i 

varies dirwtly wh'u iIim ,ii.,i.rity ot' cijnstuui'Ul t-^l^r/n. 
mill iiivL-rt 'iy witl. .|u:\ntit,- ut" o^ustiluent oxvRon; 
liut tl.iH it varies, uot >■•'< uiulIi liovaaw there U mars or 
l«s i^^rbon, aSf chietiy, )-jo:ij.^ tlieit; i-* h-^H ur tU'Trc nxy- 
gr^ii. Til-' ]»eroent&£rfts rif i>utL-itit'it;nt hyiJi\:'^'."i, riiti\>Lrfii, 
suljiliur. Kri'i iLsii, run [ rv-LirjiiU' r-UksLuul : — wit]; ini|i\ i 
<Juul txcttjjtttiri^, lit' cniirw!; ii:nl thi-ir utiit*!il itiliucuw 
ihouli] IwmuaIhii !*nu'lir;il[y, theti, tri-atia^- tin; -[nwtion 
ait ono (if t;viv]>iratis t-tlirji-ucv, tli^- Hululidii of it lies? I)c- 

tw^i Ult? CU'irl'Htl llllil tijr; mX_Vi;l-IJ. 'I'lll' UUttiiir. j^ri fiir aa 

i!» nwan*. i« Hiiii^iliir iu tiic »uggcsfeiv>n 'jf tiii,- 'solution 
of ih'- 4ni.'jtiori ; lio r^unouDces it now, in tli.j i'x:-'etAtian 
tli»t a iiuy bo tffiled by mora miuute ijiv<»Lij^tion. 
i'<:<unil eiiirect, it may serve to explain inucli that now 
«ems aDOuuJom iu tli« beat-giving propaities of ooal. 



CliAI'TEK IV. 
PmfBieu, Oomnntnn or tbb Ooimm OommnmoN 

IIP Coal 



.1; 1 ^'.xs.-;>im. uf w'lii'-b lha 



It baj» iH'rn fjxn tljivc 
exhibited in twu f .nm, 
solid, — coko, — rt.its irii lln- ;,'r.it.- ii.-nl tin; ;,'ii.'i.'(ni=. hyb'u- 
corii->ii.s ljyilr.r'1'ii,- ri.'oi frum tbo suliil j.^itiuu-L To 
p-t the ail iutj imnifliitU- ruril.vit .wi nuxture with tbeM 
eleiii-iuL-, liM rn ■..■uiiiiilnl-cly tu burn ibfm, imliWduoUy and 
in di-t.vil, IN Ibi' iini.irtniit I'riiblem the Bnlutiuii 'if which 
hKt tliL' stu 3y ^.ni^inetira. The m>;]i> uf intro- 

dncio;; an<l mixi;i„' the uir, ■loi.imis uti tho circuuMtancwii 
of the furnooe. If lii-.' .iriift i.-: strong, or tho ilopth of 
Aiel upon tlie bam U: sw.M, nil tli« air neooasary for 
etfecting the (!uin|>l>;te iiithl>ii-tinn of tho futl may be 
paiM«i| throui;h tli« grnto. It' the draft Iw mild, or th« 
depth of fuel oooxidCTabla, or if by the nature uf the fuel 
the quantity of air that can Im iiasiietl Uiniugh tin; ^ntto 
is limited, then a large pruporliun of thu air mu>t )hi 
iotmduoed oUienriM^ Above tho fuel, tbcro to mix with 
uul eontiiiM Hkt gwa Thera an caaea embraoing both 
•xtranMB in pnetiee, aa well as ererjr variety of inter- 
mediftta condition, and it is ol«ar that ev«ty cnae inu»t 
be pmcribed ibr individually, in wliivh the pmportious 
of air introduoeJ below luid above tliv fuid ore adjtuted 
to Um «xig>ilMk!)i > " II ' < ui;. The introduction of air 
tbco^gb (Im fptU: r.i liiiory practioe, the fiindainen- 
ttl condition: ti^' u4mi^!un of air otherwise, abov* tlio 
lln^ is auxiliary or hupplemontary to it, supplying jost 
the additional <|uantil.y of air reqaisjt« to compiata tlM 
ccmbuatiou. In the pcMtio of stAttooary boilMa, it is 
UMUl^ MMHM7 to admit a eooudetuble proportion of 
air alwre Uw fuel. But wliate^ as in locamotive^ractice, 
» my powarfol diaik i» aMrtalwad, tif f^t** 
dntwn tlm^gii tiie gntti, wUit. the draft la In action, 
my alona luffioa &ir Um ooapMa oombaitkn of tiia fiuL 

Aiaia, dw taKpeiatan dMmU l» awiBlaiiwl at a 

lewMd \f MBtanal tmm, d^^^'waJtoltoi^tha 
M% in ord er to eOeet (ha union ot Mm «(>- 
b vkliita fall proportion of oiygn.. InahaniH 



CJil oril r 11 1- ji . lirvi^'on il'Liobarji^ tlif ;(- -K:i.itfel <;arb.Tn, 
an4 unitt-:* \* iiJi c)xv',;im; Ijy tbi-t uujuu. iiiUMisr Iiful, is 
gcncmtcd, which env<'!opfrt the septirat***! '.•ariitin • li ir 1 1^, 
and raiMH them ^o n. wlau- bf.-it I-J^-' ommi^ tiius tuTstin- 
OU8, and ly.-in:; ihr mutu^r < f H.iin--, rbo ourbijo, ia ]U 
intensely heated swU.', i« iireparcii to nnito witli lU 
saturating proportion of oxygen ; and tto' uiiion is effected 
tlie iniitant tiiey meet, should tho ■Mrbi ti rctiin ita lam- 
jxT.i'.uri' until it i.'1't-i itit'> (.'uribut witli oxyifttu. U[ion 
tluM CM^titili^Miiu'y df[>«rl|.ii t[nr llual coud.'.iori of the pre- 
cipitivtC'i '•Jirlioii, wii<-tin'r lui -.uiburnt, uinMinbiiKil par- 
ttcJi-:?, — tho o l.iurmt; rnutttjr of sinokti , iir JL-* tht^ prtxluoi 
of ojiiibustioiL i:i\rl«ini': nfiil. .>b'mlil tin' luirl- m-partidci 
nuM tlif o|ii>iit'iuity of unitiii:,' «-itb oxy^jcn, wiiiLit yet 
ut till! lii^'ii teKiiierriturii' wiiioli '|iiilifiL'i tb'.'ni to unite, it 
iAx-i'iijfH priwrticiilly im[io*{-^itjU" U' re- tori? thtiu tu ibe com- 
bining condition, anil tlu-y iiievil,attL_\ |i:u-w-» away :ls Miioke. 

It followB, in tb'- t'ourib jibui', ii-i a r<i:iibti«in i^s^entisl 
to the complete (;otiil.iist:o:i of (■oiil, tli.iit, tlio o lubostibla 
gases should be thoroughly mixixi with tboir m[>ply of 
air. When the streams or eolumnsof liydro-carUin goaea 
lise, uudiirturbed or unbroken, from the body of ttie funl, 
they are dncuinpused in tpon li or tiliiis, at what may Ira 
oiui'eivi^l a-H their surfiicea of contact, when thu oxygon 
of tJie Hirrutmiling air unites), in the fimt pln<!0, with tho 
hydrogen of the di.-com[io«cd distillation, and, in tlie 
Hccond place, with the cnrbon-particlea. So far the com- 
bustion is complete: — watery vapour and carbonic acid 
are generated as the results of the union of the disitilled 
gases and the oxygen. At this stage, however, a i»n- 
tiiig»Dey arises, and a partial re-action may ensue -, for, in 
th« oplinary counte of the circulation of Uik -^n-.-t. thn 
film or stratum of burnt gn-t mixoi with, an 1 1 If 
amongst, the ncighliouring faydro-cnrlKm gases, and t>h>7uld 
there not bo present n suflicieocy o( trtash atmospheric 
oxygen to continue the combustion in that quarter, tlia 
newly formed carbonic acid would bo attacked by tha 
hydrogen of the hydto-oarbcai, and raaolved into ito 
el«ii]i;iaA, of wluck the osygMi vooM be appropriatad Igr 
the hyilnigen, and the carhon would ba l »p w»ipito> e tt 
simultaneously witli tho carbou separated ft<aaa tiM aaw^ 
formed hydivgen. It may bo obsorvod, however, that 
notwithstanding such oocaaional action and re-actjott, to 
which the carbon is aabjeetod, and cbargoable to tbs 
su[H.iriar allluities of tlte nnanriitnil hydrogen, the carbon 
may ba in conditioo, aa at Snt, to again unite with 
oxygan, and to ba nitimatoly and oompU^ly burnt, 
— m ttia aaaditian. nama^y, af »inlliriaatijr aiavatad tsip- 
It ia«itw tkatncontiMMiwinoeiaof intar- 
iiiii— ly to fto ownplatiaB of tha awriwaiian 
or«oal>-l»ia|iBctg«atliar anaowi*4jr feMih ptdiaH of 
Hw oombintBg alaniaala, and thMwbif tha rngmM 
cwbon in U» mgr af fiwli a^ygin fa Ito am fnftr 
aombaatios-* 
Tiia4 



• VW-alUtdatafltdaataaatsrdMi 

of (sotl, tlui author >x«i to refer to tha wnrki of Mr. C. W. WIIHaMh 
alrvtely n*^<rTfMl Ur, la whu-Ji tlut tIiaIii nuhjAirt ia txcat^nl laoilly and 

aUv »,-i..r.tl«.---.llv 1111,1 |.rs.-ll.-allv iit-o 77.,-o ltrp«rti cn tt« 

Marim Uailtft, bj^ Mi:iank A rmtfroog, Lougridgv, aiiU Rjchonlcaai, 

, wl aialag < a lartl» 
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of is, ll.i'n, f-i'.;i ithj-sioJ and clienucnl: — piiv-'^ii-rJ, 
htyrauMt iiti intrniit^' tiiixLuns, and u Huitablf ]iro[Kirtiou, 
of Lilt! ele:u' lit; I'l-i ■-rii'' 1 i- t;^^»;]itiiil to liit: oi'ii: l'-'.!-!.! -ls 
of Lheir o:i:ivci>:'iti; tijenuoul, lit-^muyc. — uiif >t'LmiuU-ly 
for tJw special olywt of the fiinuun'. v^liii-li i.t, t.i ^rrurrutc 
heat^ — th« loiwt inlp<>^t^«^t rli'iiuTit., liyilri.:;rn i'" prccjiiHr 
tii^it wliiclj ijcnifinds tin* {'ri-tVr'-'ri (in:l iiinst. luiv.; it.s 
sluu'c of uxygCD, Ix'furf tin' clivims of tlic finplo clement, 
carbon, can he rcilly cnt'rniiin-:'-! and v.-iti'jfii_''l, Th« 
hyilrogen must ilriven ull' I cforr tliu main Vni'-inew of 
tliO f-irtL'i'jt.* co:Llm•Jnc^:<^, The itL'i:;wiuaal prt-gomx' of oxy- 
gi-u iiiiil tiiln-^'rii, ill mia-i'ltral.li! .auiutity, fui'lber com- 
|ilii-ut.<'.'i i;m' pro<>--.i, I'-H th>-y ina-'t 1... ' ■■'"tiHlHI WHHtIt" 
iitr, in I 1m- .luc .-liur^o- 111' ili-itiliiiti:!!!. 

Tii<' lu't iif ciiiiliu.itiiiu 1.1 till? liii.iiiii-!« of an inHtant, 
wirll rt--pM>?t t-' <-iir-i partirlii n insurr.t^l ; ftllil if tilts f^iw 
liinl iiir wtTO s'lippu.i'il lu \ riiM^fti(. (n^'rlLiT. niix<-il in 
suitable f rf:'pi:>rtioii'<, unil fini-il, tlio rc-riilt wi-ulii nn 
expii I'-.iL'ii. — ii.^t.'.iUiiDeouii i?:iiili;i.-ti'ir^ In pnictiw, cijTil- 
liii-.tiuii jiriK-tte-iH nut ihuH, by ex: l'.sioni? at markcil in- 
UthiI.s; but cijiitiim. li.ily, iis tx.-iet SH|ueni:>i with tlie 
pro^C.'i^i\ int'Ttni\l;iri: lit t"'H* eifUH'iiL-, ; ih'W |sartjde-i, 
COEDIDg 1^ ■;:i-l]i('r ;n i^ili-^'i'-virvi' ir,*;rjin*..-;, lilnl*- ill KlKHYSUfivo 
instant-'^:, — eii;'h iiiii.i:i an iIl^^1Il^ibl^■ .h'f-otiriliini, tttiii all, 
in consi>?utiM- erili r nu r^'in^, ttiivim-.iilly, in .i oiiitinuiuis 
procw* of ojavereion. Ir ;i ih-noustralili'. tlicn. that the 
inixitig of the gases, with wliirh cmnibn'i'.iuii kiepa pace, 
mill iiieaxurable, in fact, by couibuaitjon, Ls a pitigressive 
ijpcralion, which rwjuireK NpiMV ami ItiiiB for its ixmi]il<>- 
tion, aiiil that the thorough luiil <s>iiipiet« mtcnuixture 
of the j^'H.'ii IK the real ]>ra«ticnl di-^iiilcnlnill in Vinrof 
tlie complctfltKsw of tho combustion. 

That this is tho Jcsideratum in the practice of coai- 
burning, is sugjfestcid by a variety of indirect evideuoe. 
Tbc fire-damp of ccial-miD&% which is & discharge of 
CBrburettod-bydrogen from coab, when mlxtnl with sir 
in anffieiwil quantity, instAOtly explodes on tho njiproach 
of m ulud light. Poni hydro;^D alone mixed with 
OlJJ^f ^ d^ilodes on the application of a light: — that in 
• COmnOB clMllucal experiment And with re3|ie;:t to 
th* OtbW tienent, carbon, in the likcnvKS of colce, it ii 
inltlllfilj" Mill iboroiijrlily burnt wlii-ii oxygen gct« into 
awiBBt vith it; of this there a abundant chemical 
evideoce, and, witliin the Arebox of the loctKuoUt'e, it 
has also been shown, in a preceding chapter, to I« 
immediate. Experience and pnuiticf., tlnrri, enforce tho 
practical lancluaions Uial tlic oombiwtiblc constituents 
of eoal, whether combiaad m ^ydro-carhoiw, w aingie, 
HI bydrogcn or a* curbOB, aw lutaa/ilf, — vithout my 
ftppnciabla lapaa of tim^— oonwted, hurnt, or ondiaed, 
when well iutennbnd irilh osjgea in due pnipoitiiaQ; 
that, when tliij im not ao intannizMi, DmbaalwB ii 
neoeaaarily jnftiidt huk proMedt fneU^ is |IM» vtth 
the intemuzdm: w that Uw tine npnikimtmifU^ 
tag the intemixtDn^ 1m tui, tint vUib i> tfmlb in 



In nest chapter, ilM ndaptntionof the oidinni7loecaii> 
tive-boiler Ifar th« eonlMition of eoal will bn egarfdind, 
when the wt&vwftMe ''**'-t of United ipaee, and 
limited ttoe win be Am— li t In MIowlBg eh^teik > 
(iiMBaloigieal aMOtnt of ooaMnzning oontaftanuaawill be 
Civan, and aho nMha gf ptactiee in r 



CHAPTEli V. 

Qnumanom or tn Omauxt LoooHOnra'Boiia 

lOR Tue CoMinrsTio.s or FtTEl. 

In applyini; praolicnUy the principlw on wliich the 
complete coniliu^ti ni uf ciaii ia etfiwtcd, to the ordinary 
locomotive-bi iib.'r. •.ii!- prubl.jiu lina lieeu 8urTounde<l with 
dirticulty; mi unla', nniTibli- art- the circutUBtanoai, that it 
ha» hy many \»^v:i i^ivi'ii up iki an iuaoKible problem. 
The thorough iiiiNlun- cf tlu' (.•a.tKM-i i l-iin nts with .lir, 
within tln> ilri'bnx, ii jiwl tin; <'iiiKiiu,.'ii i.x fultiiiucut 
<■{ winch li.-i.'i constituted the mnin ililVnuliy in dealing 
with tlic lutx(ni'jtive-l>:>iltir. Spaoc is Umit«l by the 
necessity for conipactnet^ ana j<irtjbility ; luni tune i» 
liuiited by the nt-ci-ssity for a high rate of cumbustion, 
;iii'i a iu|iiil ilnill, in nnlcr to ilevelojie the nocdlul j-iwer 
M iUiiti a siniiU con ivvti. But tJift difficulty is not Ui>i» 
l'u;'.y ntpre.scii'j.' i ; b.x-auiie, ^jiaee or c-apjKiity that is good 
I'lr iiiylhin;.; in burning; coril. must lie open, in order 
tli.-vt thi' givji in pivijJivii of (.■ijiiibustion may freely 
intennint,'k' ; wheiviLi. the iiwt-.v-tiu'y •■xtvnsiiin of surtince 
for the abNj.-pti iu cif heiil, liy iii.-:iti.> uf the nrdinan,' flue- 
tuli's, I'ul.i iiji u lr.Tf;c p',rtion or' the llue-capacity of 
the bniliT :li% ]ilcH the buniiij^^ r.'^"^'- :'*b' iHi iluted stTeain- 
IiAk, luid thii'^ cti'.-H-.Ui'illy sui.;en.i-i the onitinuous inter- 
mixture instru:nerituj towanii the tMinpletion of com- 
bust i<^n. The gasea in Iroul of tlie tube-platc enter the 
tubii just iia they arc located; — where the mixture in 
ri;_'ht]y iiiljuiited, wimlmstion may prixs***! within tbc 
tubi~, .mil 1h! there completed; wliero there in Iv.. much 
air, or t"i> little, it doea not proceed In |)rttctioe, the 
hitter is the usual condition of roatten; and acci^rdingly, 
when the columns of and air, released from con- 
tineroent within Ihn tulxs, (loss into the lanokebox, and 
again commingle, combustion is frG<|uently rcaunidl ther>% 
when it may mntinue till the gaites are dispersed at the 
l-oji of tho rliirrii.py Thia is Uie caow of the hlia- 
tcrin^' of ann keb.i)., t and chimneys of Oldfaiaiy en^nM 
where coal exthiMvely iis burnt; thoy nro occasionally 
rad-boL Such n»ult9 are not now, however, «j 
aa tliey have been ; for whilut Hie earlier engines 
paeeed off the gasea at a bigb epontaneooaly-igniting 
temperature Uirongh their abort boilers, Ibe more recently 
made enginea afcatract UMire of tine heal from the gaaes on 
their passage through the boiler, whoa the gaaea are of 
eouriie di.wluiix'nd nt low«r tamparaturee. 

Till- -itir.wiiurable action of tha fhin tntiei tn anmi — "^^"y 
<:oini4i.'i«iu:i, is ounimonly aaeifbed (o cooUng the 
gaaea below the minimnm taiaptratm xaqnlilte for the 
mnintonanra of eonbnitioB, and theiebj OBtting abort 
thapmaa alttigttbar. It ii aot Imam eithar the 
Mle«r aoBdnetieB of beat OxMi^ tlM Mbrtaaae «f tba 
tnbiharthatntaoralbaetplianaf tba bat bjrtbawatir. 
WDVild be totaUx iHaOdant te aawvnt ibr tha 1 
Mef tainpralura. GttbanUaMardMen, the < 
tioaofwldehiithaUdantnB^baneataM'IUi.; and 
itiakaown tbal^ in anginaa detag baMfdn^, the tarn* 
panlnra of the gatea, altar bavisg tiwnntd the entire 
kagth of the tobaih la ftafotntly abon 800° ia the 
•nolHbox; in ahMi^ it ii Imnm aa n 6i4 that the gaaaa 
do epontanaenalr i»ignile ia the ainokabois,'whm tiiaj 
aaa tm to eontinva mininc with air dnmn wi& tbn 
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into tliftt <:ompiurtmeiit> cr wi-.h air (5raw-!i iuto tliii siu'jke- 
bu\ liy l>!jikin!5 jointa. The c-olinj^ '.vitiiin tlic tu':«a la 
£nr friirii iH-ing r-jj-i;! has b»jt;ii ^idaoxnfid. 

WKiWt cin.ll giLi II. ay iutlaun! at miy teiiificmtiirc not 
less tbnn *M>li , in wliiiili tli<: lirsi. iit(iL;L- in tl,u t i dI.h, -.1.11 
of th« nl4*jn<i:iLJiry hydrxtgori, t:uiiuU:ii al. that ttiir.f.'^ra- 
UxTV, it i» n iii^rkaliU) tlint tlio secDiiiI st»|^, tlie oomliiu- 
tion '->{ t.Ki! cU^siiontAry cnrtKin, prmipitiitttil into n liiluling | 
atuirt<;p3ii*r(,? of sicWD, cnrliiiriic r.ri.:!, iinil iiitr.j.^fri. i*-iu 1 
only Ik: initiated at <tcin'.c teiuiKjraturc very laui ji lii^'tuT I 
than in tlio timt stai^', — tor wliitli it inii'il ;:i lint .Ji-in rul 
u])OU tliii ]iriOT Qonibuntiuu ot liiti liydrijjijfa. It Sujiuwa 1 
tLat, Hi a confined aituatioQ, inside a small Suu-tube, 
with u ltmite<l htvly of saa, and an extended absorbing 
surface, the t<fin]»Hrutui!' uxclted by tbo ci:'iiii..uation of 
the Iiydropin may \m Ur reduced, that tiu .-iLHwilJe"! 
airi-jn i!i.iy in'l in lem|>eniture below tJie det,'ift.' n«i^ 
Bar}' Inr <'urnWu.stinn, liefoj'e it i» reiurhetl for ihi..* [lUrfKisn 
by fixx' "XVL^' ti. M \v. ilur nr.irsj' j nr:'i[;ilat<'.l, in jiirt, 
upon the suji"*itt.t ut" tho tulx% as ; an-l m pjirt ivirri-jd 
otT us iitDoki.\ 

Tho intcrrtiption of tiic pr*.x'sa of eouibiisti-jn within 
t3:i' fi:n: i\:ii-jH, tti.jn, arises ]iri;iiarily from tho iiL^[i<;ii.'.ii.u 
of the iattiiuixiut; pnxtiw, which is essential i.j tlu- [ir.i- 
greas o{ eonihx>tiui;, hy the sefKUatiou of tl.i- lii.rniiij; 
eUimt^iit.i into iitolat^tl st.r«atu]t-t.H. ^Ilui j;;lsi;:i ami air 
which h.ip|»wi to bo duly mixi^i oti t-iiri-riij^' tlm tubers 
burn oil' to the vxtent at lotwt of ll.r hy.lrl■^'^'ll iu ixiiii- 
b;:i'itiMn ; u jnTtion of tbo »c]>ar»t"_i4 'r-irljiiTi ;>'vj is con- 
iHitnpi, tho roiualndor h prccipltfitcJ. .wil ihor.; cnja 
comb^ibtion within ilio tuhc^^ 

An anaJogoiu oiiei-atioa tak»i pliu!u in marina ho^.eiv : 
the Btnokebox, or tiptake, ia the common rccKptai^le in 
whicli the produclo of tsevend fumiu:cs, oombiutible and 
Diin-coinbu»tibl«, mrrL ThvDt) product<i are in Toriutu 
itagee towards maturity. Soma liavu an cxcr-s-i of air, 
Thich is passed through tho l:«rs uncovered with fuel, or 
through the flred'oor when opened, there being a deficiency 
of lieaL The {iroilucts fmia other furnaces have an excess 
of heat, and a want of air; or, from otiusra, a large quan- 
tity of gas uocoDBumod for want of air. Again, when | 
(lie giste is wall chaigBd, and the fire cltw, ft iHge quan- 
tHjr of mrhomin (Hciilt gM-is generated, hariag • bigb 
tunpantim. Tbm wiooi pdodnrta thus recapHulaied, ' 
neataad mix in tbe •nokeba^ wdi HqiplyiDg tho wonts 
«f «>tlMiri: coatautim k «f «0«w nuiwvd, tbejr tmnt ; 
into SacM, tai tbt vptti* ud ddanqr beeom over- ; 
lioated. 

The extended length of floi^or " rtin," available for tlie 
mixing and combustion of gases, pertaining to ordiottry 
•tationary boileni, oontrasta forcibly with tbu limited 
(Ireliox of tho ordinary loHoiativo-boiler, in which the 
run a measured by the BMIB dUttiOW fiwn the gnto to 
the tubn. ¥<x * itetiaiiMy boifar, SO fbtl bof , the mm 
aaj be time tima Om ki«ttv in finptaw and llae, in 
vhiah the madag and the comboition may proceed 
leiinrely, and may be flnaliy matimd; whvR»l.^ tlie run 
of a losODOtiva-boilar ia not aboTC lialf aa many iiichex, 

brtlWIB fiwr and five IM; MSriSf wpa^Ja^ there is 
QftfOBtAalL Xha ntai^of tksloiv'nninrtBtioDar}' 
MIn it <lwr^ w NhiMe d lb* olMeratifla of the 



thnt tiio tlamo i.-xtondv'd to a lcn^:th of nearly Sn fttet 
ui tlio ti'i-'^, h^-t'L-r^.' oDiiipk'tt' ojinLoition wik3 (;tr»:L<*«J. 
The loi 1-1 : \ 1 l'.H.jr, thiiii, aj it .vUii'ls, tho-.ii;li most <.'x- 
cellenily auji' . 1 r the njaihuMiujti o: o.-Ki*, ai_"i>>r'iiug 
to ordinary | 1..' ti . , 11 tlit' worst po^isiliii- |ilnn l^r elfeo- 
tually oonsuiiiniL; cual : havijig iieatii«;r t^iiue, ti^iace, nor 
run, t<j fucilitaUi tin- prmi^ Tho defects of tJ.e niulti- 
tuhuhirllue system iu lliii n»noct, lni» liepii experienced 
ill the practice of luanni' IiuiLth. in wiiitlj the pruvrti- 
tioii iif Htnuke aiiiuvir- to Uiw l-jon its iiturly iiujjriKti* 

<l.llll': n.. Ul ]0OIIil-:tiV-'4. 

'I hcic U, h iwcvtr. one e.,nilili.;n fivoiiiaMt! fummoke- 
prov.jiiti'tn in tl.c Ixijiu'./tis f. — thu [<M'uli.ir int^'iiM^Titjis 
of tlie cotiibuition. C\irn:sh s-tatioiuuy buil-.'s, wilh llu.,>a 
indefinitely drawn out, loirn otil at lii-j low rat- 1' t !:«, 
jier BfjiiAre foot of ijintc piT hoar; i:.uiiiiori '.l.il i.tnary 
l;.ij|.-ri liiirn oif 12 '.ic:. I:, 'ji I lli-i. (»-r r'o..i, p..T hour; 
Ioron-iitivo-;-.il':rs ci>ti.SfUiio lU^ to Ili'> 1^^^ per fool 
p'-r hour, Tiir more intense tlio oiinhii-l:oii, the lesj ia 
tho ri ipiiro 1 run, Dotwitbstooding tbe^incraasaU speed of 

still gioJittT i-atio. 

The ^_'"n.[x\iativ-.'!v na['t:rioi Htrtni^'tli of the ili-aft. i:i liwiv 
motive- builem ia iliitul. v W nuticial, in its [luwerof ilrawiiig 
luore or 1«m air thruu^h l!io grate, uvailnbli* for the com- 
bustion of th*; ^L-v^'.-v A lat;^e ';u»utity of free air is thus 
drawn ir., uiixc'l with i.h ■ ^'t--"^, and is quickly united 
with them , and there n no doubt that, in this way,— 
by the intmluction of air entirely thrjugh the i^te, — 
the L-nniliustion of o-'^l i'^ iVwpwnt'y ctP-rtixl in tlie loco, 
uiotivo hoiUT w'.'.h vtir, littlo atuoko. Tho ri-oik haw- 
f \ i-i", V af jal lo, because the uiLoi-y are variable ; luul though 
an loioinc. whilut workiiy w^ih full icteaui, and a ]K)wcrful 
hla.1l, may tJius cousummule the procins of ccirabustion, 
thoite cuuilitioiL^ are wantiug when the duty Is light, as 
thu blast is .'v>n> and tho draft is powerless to draw 
through the nuisi of the fuel a siitficiency of free air. Still 
less favourable arc the conditions when tbe steam is ^lut 
off after hca\'y duty: — tho natui-al draft of tlio Iwiler 
being totally insolfideut for tlie pui-ptne. Tlnu it is, that 
thu dix;bai]ge of smoke is greatest when tjic engine i« 
doing tho tcast duly, and when U>o blast is off; and that, 
whereas, in other daseei of boilers, theits may be a liberal 
ran for tbe gases undergoing oombiiation, and, more than 
that, a oomparativcly uniform dn^ and a uniform draft; 
in the looom t;\ t-boih r, the run U re^luoed to a mini- 
mnm, and thu Jaty au.l tht^ ilnilV are extremely variable, 
being loth greater luid hiss than thoso of any other class 
of Vioilcr. 

It h!v> hixn found, aocordingly, that an extenaion of tbe 
gr..to-^uri'<t.-e is attended with n dindnntion of amoke in 
the combustion of coal, oa the same ina« of Aul, apitad 
over a hirger area, is leas in deptJi, and a laigar <fU^ 
tity of tree air may b« ilrawn tlirough it Iht IMBk 
aWdeat eeal-bnrniug locrimotivea, under tha a u— d t e m *' 
stances, nr» thoiu} which liavn the laigeat gntai; and 
these are found practically t<> require a very imali propoi^ 
tion of air introdooad above tbt Itai^ iriiilat mint Mm 
blait:— much 1«M than IfeiraiiiaHadgpli fie aMiauiT 
or marina b<Hlera. 

Still further to asmst in tb( pWfeillBII <f aMhl^ ik 
CO— MO hugmntiTB-boyei^ an — ifflaiy jti of itiaa may 
ba thimm into fba diamtf, in. oriar to naiulaift tba 
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dnil UiroQgh the fire, vrhm (lie stoini U fiiiiit utT tVi>in 
the engine. TIjc- ot.iua-jt'i sa a very servictviblt! luijuiu-i: 
Hud no iloul t It ]:i.itiiiaJly aids in the [ireveutii iti .if mh iXi-, j| 
It is, indeed, an ij;di»j>ensable element In .dl i^xistini,' j.l;in-i 1 
for effoctually burning coal in lom n. m im l m i . h rl 
their siiiwriority of jierfirmanw.thoiigli iioiiiiniklly ascribed 
to oth«r and in irc iipjwrcnt ch&nM3tnirtH% H famd I^OiD J 
the action ot liie auxiliary jot 

Oifliiinri/ ifinuiijenu 'I,' /"''■» Willi t'lc' imvin- 

voniently small firedns i f ;i r,ini:ii.in Ii.'umj.iIv.- l.-nler to i, 
dcaJ with, engiiic-uen, I' i -' IriM; viinuii- '.vays of I 
treating tho fire, to dHuinisli tii'.' ijui-.ir.re- of sninlif. They 
b»ve relied chiedy on tl.c irL^li iirm-u'.idiry of Oi-.' :uh|ian, 
th» dnmiKTs, tind ti.e li!>iil joi-, iti w. ikiiiu- tho fin- on n 
»vvl''ni iif carofiil tiring". Tin: iiri-\ i-ir.jiii ■■■( twinkr, Ky 
Itu'si: rursr.'i, liiiH I'et-ii mn-.l, _Mi.-i>*--^^fi:!lv crlVoti' 1 tiyripjidly 
piiitrvHint; f'"' -litiii-t-.i is o'" mr tliro.i,j:li tlio ^.tiiU., and 
adjuiiliri;,' ii pr.-'Twly tn till' n-.]niror.ionts .if thf fuel ; liy 
siualurlv riiajin-uvrin^ thr tir.-'.-.or for tfi-j :i.li;ii-ii.3ii i.f 
air idi..vrt rdij fuel; by alokiri;? w.r.ii liiri;H of cmd 

and clo-ji fir.i-^ for heavy duty, iiuil MiuiUler (-..a! with 
ishnllow lir. i fo: lighter duty, i>y liriti|j mure frtijuently, 
tl..' li.'nt. r tliL- duty, and at all timet kw|uni» the Iwrs 
covered with furl, Ui prevent cj(ces«ive local dralls through 
the gratei Tliat much may be done in thia way, there i.H 
no doubt. It is well understood that tho iiui.*uiiT of 
aiuoko on entering or waiting at f.aii u-^, nlu-rr- i xi.rji 
precautions are necessary to avoid the intliction of h-gal 
penalties, — may be very much, or, in mild cases, alUigether 
subdued by thorouffbly eliwing tho iwhpnn, and prevent- 
ing totally Oie pnwagc of air throajh the gn,i/», and by 
opening wide the firedoor, because, then the dischargtt of 
carbonic gtutcti from the lower strata of the fuel ia pre- I 
vwitodfMui tiiat aoarce of .lilution stopfie<I; and, a<ra!n. 
Uh WtotUMt g — M distilled BpDntaneou..dy front the 
ftwl an Inal and c»)uained by the frwii air thr(ni!;h Ute 
dOWMiy. It is further to be nottnl, that law pitched r 
doorways, at tlie level of the fuel, introduco fresh tur to \ 
greater advantage than tluxe whieb are sri high, nearer 
the roof of the firebox ; for the rcnsnn that, through tlie 
low doora, the air nuzes more quickly and more freely 
with tlie goaas aa tiuij nat^ aod tbe efTeotive run is con- 
lequently g^ter thm «tt«niiN. 

It i.H found advan(«geo«H, •cooldtl^|ily, ibr tiM dimina- 
Uon of Binoke, u> wlininiitar Um frerii coal diiafy niidar 
the firedoor, upon the hind put of tlw gott, Vkm t» 
diitii its gasamiB elements; and anbteqMBll^, lAw ttM 
NUeTe4 topnah iiftrwwdtowdtflttllbl^Md wk* 
my figr a anooeedbf abaqg* bdM. A* gmm miUag 
ai Ow ba«k or Uw flnbw nix wtth air M tot fliqr naay, 
and at katt frt tlM daaee of eonlMBtiMi am their way 
to Vw taha% iaanMHd hf wmj aJditi«miil inch of ran, 
tba tnhw af •mHA ii kuMm to aeiawniring engtnemen, 
aftd admnvladgad, notvithstaodiBf tlw astn labour of 
Moki^g^ TlMadvaat^BaariiingfaMtttlnaaiiiiigiinaBlaf 
tiM Aul ii papnlH^y aHiilMd ta tba pta^ af tin mihia 
«Mrt)Minaaadtientfali>ad*Biiea. It ii «m afa^tilir 
to tlw flfpoctnllrafibiM fiir iBtarmiztva aad eoaaa- 
faaitaonlMitiaii. 

Coal tl now very gtoaiaUy used in rnnjunution with 
oakli, M itMi^ Ib fMpOttlana varying ocDording to (aMBm- 
■taaoMk ftam an^tMfd i* twD-ttdida aaal, to tlM nawiii- 
darafaoka; vntUrbtiraadhdriTaaalMdaaln, Bst 



it \t n rrjiHt;ik.' t.j mix tlwin, cr t.> Ftnko tli.'m indiBcrimi- 
ijattly ; they sli juld be stoked stj^arjittly. .ind, in (general, 
the cetkr; sh.uiil lie tlii'jw!! to.watd, th.? i...ro pait of the 
j»rate ami tlio oial i;|hni tin? hili'i [.art. — ^^ju^t 'i^ when, in 
tii'iTii^ ..o;i] i riliri-lv, jiioand-*-' 't'at or |tartialiy ookcil 
fKirtiuGs ate niovc-i f.jrirunl, t-i ir.alce w;>y f'lr the groon 
coal behind; — that tlie gases from the coal may have the 
run of the Hiel>f>x When craA and coke are tired india- 
.•riiaiii;i*.i l., , iii ([UiL'k .-'.I'.^^rH^ii .n, .> 'ke .'>\ er l. m1, which 
iA dotie wita a vji-'.v t... l:'Ui:i the siook..' of the oial by the 
coke, tlie ivHuIl iM taut, in the l!iu;'ua;^<? ..f liif .stukor, 
" the otial burn."* the ooke " .ir " ea'.s i; ii;);" wlm-li l.pinfl 
int*'rpretod, wgnifica tiwt tlm fall salue if tlve .: k^' is 
D'vt resliwd. bcirnuac, pr >l.alily, tho ...a: nion.;if.;liy:.., t.lio ' 
L,T.A'itt'r ]>arl of tli-.; ail" fr.j:ii th.; ;jTnto, an 1 tliu coke is f>r 
the ino-l, : -.r! lily half-l.urnt. or .'onv.Tte.l into rarbunic 
oxi.Ie, li .1 > -loiH-s little i:i;:i>. IJiaii otie f Mirth of Ao 
heat gciierit, i in tli.^ f.irinatiou ul cirhoriu' arid. 

Smalt p-inl, ni l ini|wrfectly conv.Tlml <mI;i'. an- r.?on- 
sionally watered witli a<Jvantagc, as a moans of |)r«vent- 
ing xmoke. The action of the water in the furnace niity 
be partly meckanieal. binding the loose particles; but it 
is chiefly chemical: — the elementary oxy)»en uuiltM «-ith 
a ]e)rti<>n of the inmndt^soent lixed earlK)n on th9 grato, 
forming earUmie airiil, and the hyilni«jc« got* towards 
rwlueing tlw lii.-avi«r hydro-cnrlions into others lighter 
and better «blo to exist ot high temperatures, holding 
their carbon in istupoasioa. As an intcrrne '. ate stago, this 
prooaas equalizes the conversion of the gaj-.icus element ; 
nn<l by nuch a )>lay of affinities ii it that tbe admixture 
of water i.* ci«uiuqive to the prevention of .luiokn. A Jet 

of steam thrown upon tba fi»l pcomotaa the Moa objtett 
partly in the aauawiV; and, (ail^, tfMllfalgtbaaMt- 

bnatible elementa 

Sueb, gencfally, are the onial tnodw af tnattng cool as 
fuel in loeoaotive-ltc.ilers r>f the normal type. The most 
is atteggpted to be iiia.1-' .if tbe means, not precisely with 
a view to prevent smoke absolutely, but to restrain its 
production within inrliauientary limits. The geneial 
result, though sensibly Ix-nefioial, i.'" acknowleilged to 
have )i«en hitherto unsatisfactory ; certainly it is \\<A 
final, fur the plans of working tbe tire are at bat only 
oompromiscs, iuvol*ill|g tlw partial use of aak^ and JUat 
■tteotion in tha maiingemirnt of t he fim 

So ■mah ftr tha oorroal ty|ie of locoaaothra-boiltr, 
adtiUtad in nearly all tbe engines of the present day. 
It ia adaitrahly fitted fiir buiniiig ooke, but it is no^ aa 
it MV annitai flttad far inuBiag aaal} and the moat 
inqgortaat pfobbai witk wfaigh angiwaaa have to deal, 
ia^ not tiM pndwtio* «r ft Mir aad diatioat Igrpe «f hoiiar 
fbrdiaparfhetoonbiiitknoroaal; VvttlM jnimAmti 

platih lahilaa ooabortiHi of cad, uunaalanUy and 
nadt^yappliaaUatolaoonatim-bailKBaathagram This 
ii tta daaid«Mtnt af nodam laihny pnatiaai it ia an 
djact tha attaiBaHii of wtich ia af if|M» tavartaaaa 
to nihaBy anpnaank Btitea diieaaiag tha jnlbdUa 
dbeelion ia iMA s aolotiaik of tha ffoliiaDi k to ba 
aooglt^ it ia daaiialila to paaa ia miaw tin variow 
dia%aa and of^adtaik ftr tha ptBTCation af eaalaaaoha 
ia laaanoliaiBMhBitiMt haw Utbacto (181^ tiaan taiad 
ar pMotfaed Im Bai^; idMiig tha leadw to tha 
AaMritaa dlaWai^ te Amriaaa aivarianaft 
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CUAfTER VI. 
CnomuMMUL ffoiHS or Fucmm Imnnam vox 

THE GojTBl-OTtOS OF COAL IS LOCOMOTIVES. 

Jarnw \Vatt, in w»a tbe first on iwiyirrl who [>to- 

iiiuliinl-eii til ■ I !>: a ct«![Mtrat«? Ktifii.ly i.f rrt-sli nir hImivc 
tlie fuel, in cool fiifii, (or IIm prevaoUou of niuuke^ JomUi 
FtnfcMk iB ino^ (irtntod fb* iflil-bri4Bik a«, for 
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tlic M']i.iriil<! intnuiui't ion rif n:r l-'you-] tbo uif], to (>ro- 
veiit llii^ tviiiiilvf <:T tfir li:ni[i'-i> r.f hieaiii-tioilor't, A cur- 
Tvni of tVi'-li -lir wan inlroduoefl iu a. htuiul shet-l, to mert 
wiih ami ojii.iuia* tlie cxmiliiwtibl*; gnww frnm tho fireplace 
This |>l»u gav* goijij rwultn under unifomi conditionH. 

O'n'y iiikI Chmilrr, Livfr/tool mul ^nncfittter Sait- 
Mwy, 1837-' — One of the ongiiKa of the Liverpxil and 
MuMitester Railway, I'nc " F.ivfr," wiw fitted with a 
douhW finbos, fig. 37, one ctuunt>er above Um atlier. 
»%.w 




The flhaalien were w[«.r.,tLxi by all indiiwd mter^peoe 

partitioD, a, rivetted to tbe frmt and back oTtbe firebox, 
bet a Ittik clear of tbe tide*, and baling tbe oentral por- 
tion formed into hollow bans. Hie lower grate b, ef eidi- 
ttaiy bars, waa aimilarly indiocd: it fitted doeely to the 
front and aide*, but was a little dear of the back. A abort 
»applcni«ntary grate, wait placed at the back of the fire- 
box, Ik'Iow th« nr.hcr>, ( uki- waa burned on the upjier 
S^te. and coal on the hivriir. .ir.il the fuel tliat dropficd 
fnnn the tatter »'i>h reosivod ly tbe Bupplometitary i^rato. 
Each clianilier ha>l it lioUuw lii«do»r, through wiiich uir 



wan adniitled, and ilistributet! throogh numerous peHcira- 
tiiiiis in the inner Ride of the iloor, to tho fuehi iin th« 

U|'> r in : lijwor j,Tu;c^ rl^5fH^-^ively• < "iirivtiU uf nir wit<> 
111-..; iiiliuitti'd ibiMUu'b lutfs in tlie knv.T jmrf of tin- fnmt 
uf Iht: finib.ix. Tbu-H tlii; uir doiu Ih'I.iw w.v lie.Ht&i in 
finisin^' Oav si]ji|iIiMtu-nlJil t^r.\U': niiii th» t^>al ^Jin^s friMJt 
the lower prato jiii-S'^'d tltroiit;!'. tli-? orike lirtj "m tiit- upjHT 
grattf, — tb« otijivt t*ing to eoiiAUiii^' tbt? ^ni.ikc bv jiii.s.^in"j 
it through i!ii'iiii'it--*. i ut fu»l, anil mi.xin^' it w ith fresh i«ir 
frum the duora. A atcani-jei wae applied in the obimoey, 
to bo turned Ml to nwliitala tt* 4bif^ whw fbt MMt 

was otf. 

This plan comprised the first application of the auxiliary 
BteiMn-jet in tbe chimney; and of divided current* of air 
aliOTo the fuel The engine ia said to have freijuentlr niii 
without smoke, when verj- earefuUy managed ; but wae 
not suooeflxful with uniiiutry management.^ 

M. W. Iviton, 1638.— A etaHnpipa ia ^d from taie 
boilM-, Kg. M OiMiwiiig the uppltwitiwi «t ib> plan to • 
». 




statioDary boiler), into tlw aterior «f the fkuitaee, wiietia 
it terminates atx>ve the grate; it deliven "itreama of 
•team " omongxt the g&wa rising from tbe iiiel, in order, 
by mixing therewitli, to oonnime the unioke, and per£act 
tlie combustion. The invention is said to haveanswered in 
sLationary furnaceo; it wna trieil on one of the looomotiveR 
of tbe £dinbuighaodQbv<(;ow Railway, bat did notauoeeed. 
Onqroml dkantar, l s.'i;i.-~ln a i 




' In tlM«« MtiCM, tba data an aaiigBMl a* amrij m lin aatbor 

■e InttiWler | 



Fig. 39, tbe firebox was divided vertically into two chain, 
ben, not horizontally as before; mi that the partition, 



ntJtyAMir,ieiMfc 
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ddanliK The 




dewmdiajf from Um itwCtni not 
•n otdiawy grate vwaddad tstka 

Jowtr tlnattaotlMr, 

UwitSad gfte, kodaaluan theihn^ ■ii(lit«H( 
thai tlwgtMi<9ililM from Um «otl ttoidd 1m MmImI 
bf Um diaphngoi ovw th» infudwiiwnt oiIh^ and Hbm 
wiiWMii. nit «aBl gnvitBiad, or mm pwlMd to- 
vard, w it fanmed, npon the fim gnt% to MidM l«o« ftr 
Tliii plMims Mad «B ll« Ii««pool nd 
Ihihragri huaiiig can-thM cdIu^ uu) tw»- N 
bMa alMndaat 



thitdi ooal; ■nob «m wpuil i d to Im* ' 
wbm Btaixliiig; and wiieanoviog, nuich defmidedo* tbe 
■aaidmty of the Hicibmi. 

C. W. WllluiiM, I839.--The «y*lem of Mr. WillUnuj, 
Fig. 40, ia that known a* tlie Ai^aui furiuoe, the prin- 
tit <a 




'^r wliicfi ii, tljn'. Hit is ji i:iiitt.:-J ,'iliuvf ur U^yonJ 
th<i lUE'l, Hi a iliv jili'.l sitaU', in numeraua nujiiU jttL-s to mix 
Ireelv mill ih i . uijl.ly wltli the pJi»e», in onlor to prrf«rt 
tln! <iini'»u.i4iii:i. Tim BVhU'in ih applicable to boilers 
pcDcrally, nrnl hns tietn ftpjilinl with succesa to MUtioii- 
ary boilers, aiiil, ii<«or>litii; to the reports of reociil triith,* 
to inultilubulur iiinriiu- b'iilcr<i also. 

JcJiH Dewmnet, Liverpool and ManekttUr Bailmtif, 
ISM— Tbit fka, lig. 41, mvltM Im the addition. U 
1^. ti. 




a chamber or b»\, <>, in Axnt of the flrehgoc, and 00 n- 
nected to it by nhort tnbao; or, wbldl aaMOBta to the 
tame tbiog, the firebox ii divided iato ilM parte by a 
vertical prtitii.n. Tlie Beeond eompartaeat wa« woerTnd 
tor the eornl>u!<ti<>n of the gaae* frosa the Itn^.tMiBf iluaud 
nii^ght at Ui» botbom, and air to aaadmtian 
introduoeU through perfimtod Mm, e, Mag fram tiw 
Ixittotn, on Williama' syBtem. Tliia plan is snid to have 
• fftpot* am lit I'mnf Ai Suam Coabcftlit Hartity Hulnrt ^ 



given fiivwmlteimilto; and the aetlM Aond to ba 
improved ty the addition of the duawilai «ir taH^flatot 
<t ahoini in dotting in the oom l wot t oin-ahaniWr. 

1851.— The deiign of tU« gnifea, Ti^ 4^ ie to atett 
plent7«r«ir thmgh the ban»and to diotil tha iBiw ftou 
Uia coal, at w near tin doorw^, oawtag then to tnvena 
the IbelMn, ovor the iiiiaiidMBoiit fiiel in adTCMO, and 
thns to facilitate their BUBtun wifh air. TIm ban nra 
flat, arranged ai itepa, and lie mmm the firebox. The 
eoal, whan partiiilr ei>k»I, in pushed Cimrd to i 



1%. «. 




vay for a freah diurge, umi ax it luUaiieeft it is gnuluaily 
converted iato imokelecs c<>ko. Thtn, » lunly of iiuan- 
(K-sreiit fuel is a<<<!uiiiuUl<!<l nn<l iiutiiituineii near tlie 
ami tilt; fn-xh fuel is ni-sr th« <iix>r. Tlii-< grato 
bat bi-cn cxtonKiYely uwd in France; it work* w«U with 
fre«, o(]en cc«] ; but with hitaninaBa eiial it ftilo,— hominy 
the huts and itoijping the ta-fumfge*. 

In recent tnodiHcation^ • OOtaU tuMvt'H'. U' li 'liy^Jiital 
gmtn is uiMiHi at the for* and, ae in the tigare, to fiwili* 
tat« tl>c roniovsl of dinker and aahes 

The method of the itep grat^ here exemplififxi, snc- 
eeeda in virtue of tbe long run it atfordx. from the fre^h 
OOitl to the Iu1h>!i, wliiiih fiivours tlw completion of tkio 
cwiiliu.stiiiti cif ibr gafxs within the firelKix. A.% however, 
tlM addition of froah eoal ii eonfined to the neigbboor- 
hood of the doorway, at tiM tap of t&B pmta^ itdenaada 
voeoouDanl/ friqaont stoking, with the oewuiinnal nae 
of the poker. . 
/, Jw J^ClMMwd Loniem. mud Svrtk'Wm/tifm Jbtit 
IM.— An Hr. M^Oonndll'e phn Ibr pravonlioB of 
ito^ Ffg. 43^ Uo piinoiplea eppaar to have boon, Ibot, 
to fomide the gnotoit praatieable ann of Nrofrrie, in 
Older that UnoooI odght bom with modttnte intenmty. 
and fiae ihnn eUnkar, and that pianljr of air might paM 
into the tfrAox OiDogh dw poia to eouonia tho (tMB; 
aanndly, to aaaiil tha oombnatiaii, by intnidaoing air 
thlWIgh (he front and Hides of the firebox; thirdly, Ut 
plOVido B lailge cafafity and length of run by aibliug a 
ooaihooiion-nhamhw; vhiok ie aimp^jr ao ext«im<in of the 
fhohoK into the beinl nt dw beilor; C^wrtlily, to provide 
I Uriag; by dividiiig the SrelMX longitadinal^r 
Tbia plan, vrith good DMoagaaaant, ii oflhetaul 



Noantly, Mr. K'OouaD ha nddad » 
phto, wiiieh reoeivee the entirs ofaaige of air 
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'lLK)rw»y ; U>e doorway is always open. Mi l ti e air i5 
■lutribul«d through uUuMnxM atnall bolea ia tb« fore 



purt of l!ic curtain. Tlii-i diittriliutive ngenry of the 
ourtain-pUtto l«ciUulx» tli« i.vinpl«<iou of combiutiofi. 



. . ^ 










C>Mi boraioS BMtaC, far i. & M\:mw^ liU. 



Jotfii Btattit, Lmdon and Soutk- WeiUm BaUwaig, 




ififHiinmiiifiiiiii Immk ma 
flu, lifi H >ddid behind t}.» txrdiaiqr Inibin^ 1^ and 



joiaedtoit by abort tubea. In the muti iiax coke wot 
QDMlimed aa ooual, uid oool iu the hiu<l Ikix, in Uin pn>- 
pCftton of two-tbirdx tvka iu>d miv-tliird cooL Thus, tii« 
gMwfiton tlu eoal, hnffl«d by ii firo-tile, r, passed through 
nnd hiul tb« nm c( til* caki»-fii«box before tittj entered 
the tubes, and tike eo mb w U e m of the anal wm qoile 
ooioplete. 

Joatph BiaUlt, 1855. — ^Thu boiler, Fig. \'t, was da- 
■igMd to burn vntirely coaX without «iiic>k«. As in 
llK7eniieir>i, the grnto is htr^, iu>i] th" run iH cxtcodsd 
by the addition of a ooiubustioo-chaaibar pnyected iato 
til* bamL The tirebox is divided tnaaTenely into tw» 
«oni|wiiiiMBti^ hf ea iadineil water -space dinphragm. 
^e baek cxmpaiimant ia arched over with firR tilee at 
jntamli afart; thecombnaUoa-diaiDber abo is 
with » fllgpt «f parfimtad bricks placed at 
•r tht laUai Hm Jba-tiha laeaim 
•rtfaalMatl 

thalbaliBj 

ehai|{sa it to the aBoln paming frsm Mi ooalc 
uliiagMmpilimavt^Kmiiiii^m, Thatflasalnkbmk 
up and fliix Um g»iH and air; aad, parfljr bj ni^t^k 




bustion. TV.e first furnace ia U>e most a. ti-. ily %vurke>d; 
the eeoond is designed cfaiefiy to oany inoaudesceat fiieli 



nnd Ii_v ineiiiLt of independent iiMb]>au.s and lUtnpers, the 
admissiou of air through the grate ma^ h« adjusted for 



28» 



wauaa Looouonm 



jUr 1» tlw tdnftted tbratgb tin doan by 
Kftttmrn, Ntd. tluSluly, ilavugk th* Mc tf tin 
ibebm; MQwtnUc V Mm. The (mm fiwn tlw tot 

ddliated Iqr Um baagbg 



I dUphngni to> 
waidi ilM knt Am m«lw 

tbronglk tlw tllM in tii« 



OB their wdcx, unci amngeil to step ilown rij,'ht and lefl. 
■a in Uw st«p-Rr»te, to admit aliundance of air. Thi« 
plimisaaid to work etfidcutly in pn?vrnliiii^ mh kf. on 
tbo Shnwstjory Railway, willi &voarable kinJji of oomH. 




a(^ deflaelad by • liaag- 
diaphn^i b^n« 

adiMM «f Ud* imrentioB 

is, tlien, io oqoalizo the 
tamparatare of tliv gases, 
to pnpare the coMar 
giaea for ignition, under 
nil flurtuatinn* of tempera- 
tare; and also to perfect 
tlio mixture o( th« f:»ae» and air, to effect tlieir ontirn 
combustion. In roconl desigiu*, uii lulditioniil Virick arch 
is built against the eiitrnrH i' tn tlic ronibu«tion-chamb«r, 
utid a «)UiitiT iif.'b i f tint tiloH i;i cnrricd from that to the 
linnging riL:i[ I r jn, ill tiHi tirfl:-ix. hhiwu in lotting in 
Fig. 45. An iiuNilinrv nd'.^ni jrl Ls u]<'u<!il into Uje dlim- 
aey wlten the bU<^t I'j 'ilf tn .stimulixte the dnft|aBd pT*- 
vont »nioke, ThLi [ Ian wurks vitv wi-ll. 

IT. G. Cr<iiti, .M'liu'lu^t' r, S!>-<f>.-!.l, Liitcointkire 
Itaihrny, ISSfi, — Tht^ '.'jianiv'ttri-toa; t f ihis desi|^, Fi;;. 
41"., ail', tLo I'lr.j: imliin'il u'latv, tbo curved descending 
iliiiphrHgru. ar.il tniri.->\ t-r.'« water tube, to deflect ani] 
mix Ibt! gitaei, anil the nii\tiii; clmiiii«!r abovii ami in 
ttclvaoce, into vbicb the ffttm paas tlkrougb the dia- 
pbcagm and mix wUh ftaih air than admittad. Tbla 




Cai l^iRlu aCrf, i>< w a CmU. If 

plan has not l«en succmfnl; probably, bocaiue air- 
passages and mixing simccs nre injuriously I Wtltatad, aad 

•igpravated by an excess of cooling rarfitoe. 

K. ./tjTreyi?, 1856. — The principle of this plan, Fig. 47, is 
that of a Rickint; grate, wliich is turnwl on :i swivel, no 
ttj^ by thus inclining furwarJ, ht slid** the iiicanil-.'K.'enl fiicl 

tawardB Uia tnbepUtc^ and maka roooi at tb« back of tbe 
ilntos ftrflrtabonL Tbabaia an placed loagltadiaaUy, 



K"ttn» if: Tluho, Vhftfr <n>l H'rifi'lrii'! /i'.',7v'ty. 
IS.'i"-— A hnngin[- mid-fcalbt r nr diaphra,<uj is iiiacitej 
tnui'-vi r>vly, j r,rt:a Sy ilivi Jir,|; the firelnix into two 
ci'ijiiiixTtiLi-'iitH The grate is inclined forward, and i.i 
n;i'Vfalilo vi_rti<~ally. The fuel, as it I'l.nMiiiifii, Kli.iei, 
i.H pu.-.iiti'i, forward towanU tin* tul.c]il;il*i. HftViro 
staking, the grate in rai.-^-il tnwanls llic i;:a;.|irr>f:m, and 
the frosh coal is thr- ^vn into tlio hinil oonijsulitu^iil, »r> 
that t!'iu j;a..<'9 fr in tl^j iivtli tliargti (cl-oi ari:Ji-r, ami 
through tubuiar oj^uiiigs, in i!if di.aphragin, iiv«r and 
nmnn<f«t incandewcnt furl. An tlm fuel is coDsuntiii the 
gmto is lowered, Tliis plan f.iilfii at the ont'^tt. for want 
of draft in the hind cjincartiiiont ; w lil. li ^ui—i, ia 
obvioiis enough, as the ili-stt wunM imt, uiiIhiltv.- !, Iioth 
(Miend and lUini-nd llirini:;h ll.i- fu.d. 

J. J. C'udievrth, S«iUk-£w)tfrH Railuxtjf, 1^57.— Thi» 
plan, lip U, omabdBM tha f 

flaw. 




run:— tin) incandMOsnt fuul aliding forward, tbe fresb ooal 
ii cbai^ near tlie doorway. The firebox is divided bjr 
a longitudinal diaphragm into two nunii&rtiiients, making 
two fiimaeiss which unite in frntit of the tulwplale. Tha 
tigurr shows in dotting, the form of the original iwlw, 
one of the "Folkestone" class, which was altered for 
bamiag eoaL With tha aidof aaaiudliaiyrteaai-jat ia 
th>d)taniir. tUi phB la tttataal Ib 1 
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pipe U liti<i ti'DiD the bn^ilur into .(k* flivliMt bi frnutt Fig. 



.49, wkicfa it tMVfltsw Uir«e 
tioM trvm nda to aida. 
The ■ppernuwt length of 
piltt k perflated ^th 



1 f •■•••••••«•••••••••• I 




■mogad, tbAt ib» iteani 
iidiMbaisad ia » aupar- 
baatwl BtBt^ jnit tbov* 
(1m ilul, in Mt iiKs&wd 
lUnetioa npwkrd, so as to 
meet iitnl iii'iN with tb«s 

Aiiioke. Tiii^ pljin liits I"."'!) 
tried en I lii' ICruiU-ni < 
ties an^l Nortti Lomloti 
Raiiw ivj^, nipl WJK f.n'iv 
tUlJ in ).ri Vt'!il:iiL,' j1j:mI;i-, 
with tln^ iliil fif tlin ],]iivr- 

jii]* wticTi :1:m \'hv.--i. wilt I'it". liut it tcii'.li"! ti ilnmp tlir 
6r«, and cMi«ed a want of ataam, whb » bmty extra 
OMMiiniptioD flf flnL T1i« MMtapiitt lUIad by expoMn 



ti> tha 6ai, atvi m taotm mg«M >ii*t«tio<^ it hiw U-^i. 

I the tti^Tiiv 

TI<ovvif Vnrrov, 

iii57.--Hr. Yanw 
4MdN «be fliabn by 
a famaorRna water paT' 
I — — ^ tiUoo, or* brick anh, 

n i [ or «tb«nRa«h bMad on 



^^^^ 




tli*tsb«|dnKrig.SO, 

i -= jut Uov tito tdlM, 
p- Hid iDBlined npwania 
^ tomrdt t))« b«door. 
Ha altn Admits Kir 
tliroiigli tiilips ill tlm 

aii'l also tlirou^lj tlif 
i.l<x>r, t" mix witli tlit 
^.u**!?*, liv 1 lie nit**r|X' 
sitioii ot' tli!> iif^it<y:ti>r'^. 
ntii of liU tire^vix, .iri.l (irc 



Mr. VnrT<.)iv I<'ii[.'tli<'n" tl: 
mute* Uie oombaatiuii of the gaaea, witli tb« MUMance, 
whaa tha ataam !■ (hat aO^ of « Uow-pipo in tha cfaimMy. 




TFtVi iVi'm jM\kin* Lanmnkirt arid TbfkAirt Rail- 
wiy, 1S.'7. — III tliis pinn. Fip- I'l, tntmlar tfakjs ara 
plawd ilk iLc uttUit ijf Lhv ilrebux, for tb» admiamn of 
air,rc8altrtcdb]riUd«i; tb«ajr«dn»tlod tlir«n^tli» front 



of (lieflralKntianoaindbf oataidiiMddaflaiiar, ofinn 
or l.rick. e>«ci«d agaiBit the tobcflate^ vHhiit lb* in- 
l«>.\ ; »uii i« diftrSmtad in atnam^ hf a inunb 
jinM^eib thnqg^ tfio HnNT part of t&« daflaator. Is I 




and mix witli Dw com'biutible gaam on thair way to the 
iuUd. Widi tlv : r . I'lowpipa in iba diimneyt tk>^ 
plan Li !<aiU t4j vniis |if< kv well. 



In tbb plait. Fig. it, tba lioOer la ontirely te-arrangad, 
with a liHigi abaUair finbois, b&vin^- a. liollow i.rick wall 
or bridge alttw end of the grut>;, tu ^Ivr u li<n<,' ran, 
and to admit air at Oie bridge. Tbareaia alaabM^ng 
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, to d«Aeat and mingle ibegves. With 
lb* tid«f ttt U«w-pipe, tbi* pUa teeou likely to answer. 

Hti Allu bas MOltllUitoil aaotber amuig«iuent of 
boOir, 1%. M^ift wUeh ka nai • plun eloDg»t«d fire- 



box, an<l fnuMM aU th* air wd wuika tl>roti;^h a 
atod o(i«ning in a bMNVeiw flnbrick diapliragm, 
Ui bring thm tcfitbirt and jitaaute tkair 
eoatlHiaUoa 




On«] htcntr^ Jfcllw f, 4t^t«jia*r *.11»=, I'.nh HIT, 



Jf. CJaijt, London, ISSa— This ia Uw method of 




apmings are made tbrough 
fati of a» firebox, Figa. &* and 55, 



for tlic aduiiisic-n ijf air alidve ttnj fuel; nriil ji-U uf .I'.i^jia 
are projected tlirough tlicsf uj-jiuli^'s. a.-, imiii-ati."! I'V the 
fiXpaiuiinj; outlines, tii itnliul an i loriabl^ disUibuUi the 
nir within (in- tircliux, uti.i l uf iir« Us imnicHiiata loixlurti 
and com'itisui'n with tliu gn.vi : — tho actiiin «f (He jela of 
steam in ort'atin;^ fM;>wi'rtiil cirrent^ of i\ir ir\U) tlnr tireltox, 
t*ing similar Uj that of the blaBt-]'i[».' in tlie rlnmni'v. 
Thi.t [>laii \ua lioeji Lrii!.l t.-u On; K:Lit<'i u i-'uuuti-s ILiiKvsy. 
anil is ijiitt'^j sTH'ri.-rssf-.iI in |irfvt-tilit»^ tsiiiok-v. iiiakio;^ ;i 
bri^'Jit tire, iitjejjiri:^ ^tcAii). and wi^rking t'rntii>miinii_v, 
hy iucUulug duwiiwarda the jeta of steam, the air may 
be tlarown at any dcjiiral bMUnatilliR apon tha IM, and 
nniungKt tin? xmoki-, 

G(«rfie K l>u>.iglti«, Birkenlirud ami Ckenliirr. J unrtion, 
I8j8. — An iron hood or baffle plate is fixed inside the 
tiivbox, over the doorway, inclined dowawja.ia and to- 
wnrd.i Ihii middle of the tirebox, in order to dellect tb« 
nir (.'nti'ririjr by the doorway doWQ Warily amunj^ tba 
flame and unokc This plan is rv^micd to work woU, 
with the aid of the blow pipe when tbe blast ia otf 

8j/lv«»ter Lett, £aat Laneiukire,l&5H. — Mr. Lei~t builds 
• brkkardi witliin Ibe ordinary fireUtx, ogaiiut tlie tulie 
plate, » to intentpl and direct towanU the middle of 
the firebox, the Hhm and smi>ke riaing at the foro part ; 
and be flue a plato-iron bood on the firedoor, inside, 
{ndinad dowaward^ ao a« to ilirect the air entering there 
aiao opoB the AnL Tlib jiImi acta (otoaUf mil, vMb 
the aid of the blow-pipi in the ^iuoaf, tat tba Mek> 

JttiMNi WiUon, (kftfi vitl Wd mni mmf ion, ItUS, 
— A ftw «f tta tato BN aattadtd thmi^ tba aonktboi, 
aadbill-»ialbad,taiaoiimaiidaan7a^aitodMinbaK. 

On Ibe Londaa and Ifaatli Waita 
(yHadMr, IS or 14 iaebaa diaaetar. baa I 
on tba gnUfc aad iWag Ihrongh the bo^y tt ik» ItaA in 
tba ocatn af tba ftrabos: Uw upper end «aa ftntahcd 
witli a paitoalad amvn, tbmmb wbiab ajr ham trUbin 
piuoa* taila Oa Mbm alMwa tba llMlt *<> with tba 
amok«i StaanbtabamiBtvadwaliBtbai 
it dani|wd tba 
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KSSUI/TB OP fSAOnOB IN OOAIhBUBNINQ. 



CHAPTER VII. 
In Um ymn IMS-M^ the "Condor" loeomritive-<'ngii>e, 

fitted wiUi Mr. Dewnaee** ei»l>l>uniiii<; A|>[iimttL'(. nm 
Ibr MUM tinw on tli« Loudon nnd North We«torti Rnilwny, 
«■ RguJar duty, between Liverpool ud Bintiiii|;liaiD. It 
was trenU'ii hke the other eoginea on tho line; it was 
workcJ ia various ways — witli coke aione, with oukii and 
coal mixed, ajiil uflcii witli mjuI only, ua fuel; uuil, it is Miiil, 
no ooriipKintfl wrr*T miwio apminKt tlie eiigiiii*, iw t<> -iinuko- 
innkiri};' Fiom thu rolnriis nl' t|n; ]rtTr(.rmiin:'e of til it 
(.•njfine, it ii[i|«';ii:. t|j;it alif run 1 ITU m ^ix Jaya, ou 

r(';riilji' liiity, iiiiil il "J i 1 ewta. of coke, hesities 

.IJ L-M'tH. cf oju] to ^t?t Uj' st^;iii], ;usii that hUh rtiti tlm 
-i;iti:t? .L-fLinL-t^ in l/H! nix ilayJt iriiiiu'-iiiitrlv jir-i.-viciiH, 
uti ilif fiiitiiM iluty, ■r.usumifij; cwtA nf oike, nnd 

h71 cwI-«. lit c'J!\I. tx'sLil.'s .". j .. wt-. of oKtl, :li in tlte other 
case, I'D gi't up i>t<2ttin. i'ljus, 211 cViIa. u( coke did the 
-wme nniiiiint uf duty na Hnj CM ta. nf c<iki% |>liii< ^7i i-wt.< 
of cm! ; and, it n»nv ihffrnjj, the exctww of -1 1 i:wt s 
nlMi\»- I i:t j , iir *tl^ cwtt, wiw etjunl in ov.*[M.ruti\.- 
valuu ',o S7| cwtji. ' f ci-,-tl. Th4y*c i]imntiti«fi lir-* jr. tli-j 
r;i'.iu of IHO ti. ] H'. I'll 2 to L' S, npi l tliey ^liow tl.nt 
iHsirly I'lu- iiiilf uiinv '.x-i^'lit of co;i; i«i|uirej to do 
^th.' .i'lly 1.:' i.-..I<i-, or, llmr tl„.',r lui- li uiioal tntiOH fal It* 
*' Condor " t'nginc, tt'crt; iis 'Z to .'» nt-arly. 

In the years .51, tlic Aiillior .'iiadi' varloiit com- 

farative (riikl* of the oannbuBtioa of coke and oo^ in tbo 
oriiDny fbnra flf leagaatii^Mki^ 4H wiM of tlw Seoti 

T*m Ma. vt^-ov ni ftmiiuNeii OP inoMinuia I 
r MnwAT, mvnit MNNtr and i 



tiah nQw»7i»iklrMdy publmbed ; fr<3tn which be oonchiM 
that) in the provailin^ type of botlen, the evaporativa 
powers of ;;ood ooal and good ooke^ were aa S to 3, eoal 
doing, ninihauieally, joit tWD-thinla of the duty of coke* 
In all thaw iiwtanoM, the ooonboxtion of tho cml wm 
ol>riotnly incomplete, u unoke, in oonsidereble quaatity, 
wan di^-barged Iroin the cbimoey. 

M Coiinfll'» Boiler. — Subeequentljr, in tite Tear 1854. 
M««Am K. \V<xx1r and W. P. Manhall tried the compara- 
tjve luei'linnical viUum of cml and coke in the (tnirines of 
the eouthcrn division of the I/ondon and Norlli Western 
Kailway. With onn of itie cnpinCT wnKlnicteil on Mr, 
-M'l ■orjiii'll >i By=it';Tn. illustr'it":il oy Ki^, i'.i, |i{i^i; 'IT. witli 
a largw liiel>i.tiL, tL luiifoatLcr, aad a 04:'mi,u,slijn-ciiaijibt:r, 
<'i>iii[i<uiitive trials were made with Pease's Weiit ciike, and 
KnwkKltury Main tsm\, from ("ovenlry, har*!, c!i*«n. anvl 
friM from clinkiT. This eiinl was found, ni .Mnluii; to Mr. 
Wi»K to otmt^»in K" per cent of carbon, an 1 .j ]in cent, 
of liydrogen.* 1 ho ruto.t M' tlii.' ixm^titiifnt ■>xyu'eit in not 
tneiitioned, iIjolil;!; it would a[if^-';ir, fioiu the exaiuiuatimi 
iif ti I- [''rfontuhL of s ariotrs <'iiiils, in ii [irvviotlN cliapter, 
pajjt li»*. tliiit tiwt K iin iiiifiorlArii olc:iii-nt The r»nlt« 
of the iriaU are atistrajt^jd from tl\o |i;nit*-''i report, iu 
Tabla No. VI. Tile rltMii: w.is < M.iily kt';.I and smoke 
Wivi ]irtn"fnt*--i ; ili.tiioh tioj liitt^jr do[M iiile-i nciv niucli on 
tiif ^l.ill nil 3 .iltflitiou of tlio l.ti'iiiiiu. 'file «'JiL;iiie wiif 
worUc! wit.li II very tliiii firr t'>i:r t'l six ilii lii-?; tiiiok. 
on a Urijc urea i.-f ijnU'-. ^Z'Z w^uuro fort ; the <^)^lpo^t^ueot^* 
l>jiii:; tiivd nltcmuti-ly. :inil \fiy fri't|u. rit.ly . — «u»y four or 
live tiiueB wore so with oa«l than with coke, or oDoe in 
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1. Th* lines cf the blaftt cm tli« firv. nm cditinL\t«j liT d«iii''tijig fiyur mill lO'^ .inp] in um tin; wlinU time iritb tbo tnio. 

3. The weight of tlis tfain is c«tiiiiat<d at tit* raU of 6v» tou per mniagc. as adujiied hy Mnun. Womb *a<l HarxiMll ia (ulnar 

Wf n iiiM i it Si mil WW tn twi leni itrtii kiahi nm. 
XTbetaatamllfepheiiBllMa^i^aaladbedMn. TiiWlpirMU»t% W(|bUii. 

4. Hisanaof llr».gnt«baiiqeanlb«t 

■taelirtaAtlVrM..... ITI adb** |>rf Ibiar. Knm m 
n n pw ><*lB-laa*i 
l-nlk pvmimeiw A| 

thai 



Awagim; the Up and Down tnim, Uian are the 

foUowing results of tba fint performanon with ecalt — 

Knginr lin.l t»^«", .„...,.„„.„....,. iS t,in« wri^i^l. 

Train, 11-2 euril(ai,_ «; loM vnjhc. 

U^tmknwultmln.- 11Cln*pMi« 

A » WH « ^M l,««daillt t»afft^ , . M-I niba |«r War. 

... JtS-n lU. [•.•f tr»Jft inli- . or 
i; Hi. per t-iii rT^«" prr mile, 
tioa o<' co*l, 00 fhily,... 1764 It)*. |m Ihmif. «UMn «*; 

tM Aa. per knin-inile; «r 
<M Ik |W toe gra* parnBk 



<3nn» <.Hivimiptinn -if ^*t, 
N<M4 



Doing tiw HIM dntgr wtth i 



• fi'l»t^\ty Jf.:«*Aii*erv, Ami H'jihtyiy Locomc<ipe», p«t<l* I*'*' 'O 

t IHiRaiiriMi apon a paper tbo Author, On At Imfmtttmt </ 



fwi at tte taaHMIn «f a«a 1 
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XNGUSH LOCOMOnT£& 



24'5 |>er Iniii-mils, or -SO lb. per ton groa per i 
and H 9 IW water par lb. coke. 

With ItcAvy stopping tniii% tha engine oonmuiusl 
-S6 iU eoal per ton gross per mll^ aad 6 llw. water |i«r IK 
ooal; ijeo, -18 lb. ooke per ton groaa per mile, and 91 ILn. 
watar ptr lb. coke. Tbe rtAultK show, llmt tbo cfTicieiu-y 
of tha enal, in this •ngiM^ is jiut tw»4liinU of Uut of 
tiM ooka^ wiMihar vitli npid to th* piM va^ht of 
tnli^artlwamipantiwpcMnr. It data nat appear fiom 
dnwMNitib tkat VOonaira lioilar mKaM aagp higlier 



CHAPTER VIII. 

JiESri.TS OF IN CoAL-BltllNlXd — iVoniirnte'f 

tii'iUtii s £n'j!ne. — ESsrIy in 18.56, the Author arrani^ 
»iiJ mnUiKteU several triah oC one of the |ia8aen|;^r-loco- 
iitotivt!!!, the "Canutf," oti the Lomloii atul South Western 
Hiiilvrny, cutL-iinsi't^^ i .n Mr. BrJittir'n syHtein fur hiirniu<r 
ivtaL Tho Iwilcr wius ti(u 1 with two Ixidics <^f firftiK'a. 
line arcliinf; otit tlvj hiii'l pitripirtnifnt ol Uio !iri-l"i\, 
the otiier [ tleil luu. tUn cuiiii.uniiiin-L-iuiiiil.T. dlr-aidy 
Fi^'. IV, )iiiu'i- *'-'T Thti iMiLjiiift WM titted 
AitHj with nn ajipar*t'j^ lur Lcntin:,' llir ft^tttl - s^'ater. to 
deliver it at or near a boiling heu'. irit-t <.h<: U>il'!r. Thin 
apparatiu) was in two parts, placv.l \n:hm ntni iiluive the 
!i;ii-ik«-i'i'.v; wjjtu ili o|Minitii>rj, 6t».-.iiii i"r.yiii tlji: V'l?uit-pij*' 
NVii..* t'^hiiusUjU iuiz-i till-! Ltiijiit'iiser uliove, wh-jri? it unit thu 
ri .1 . I i n-at^r lhrrt« ii iu i.y oii^ cflU-- puiuft;. iin.i w^h 
.'ijiiiirnscl ^v it; tht,*! fi_i*ti water, Uitm iieiit^xi, lluwti*i U;i;;k 
iiitn tlif toil ii-r, rxn-pt, w l.nt w»« iiiti^rDeptod l>y the otlii-r 
]iuiii|i. Kitli wiiiuK 41 junction was niaiJc from tIl<^ ristuni 
ll iv. -pi;»'. i'^T yup[;lyin;; the boiler. The wat*.'r iiit'-- 
ihi: i.i ilir iioKied, oa it-) way, through ti»e surchargiu^- 
rliiuiil.i r in the anioltc I- ix, wli^ri! it aojuirnl a further 
mcrause uf teuijieraturi-, [imvi .iih to rtit^-riiii^ the btiler. 
Tho Burchai^iDg-chttinl«T fnnt.nni' i ,i riii:ul.rr (.f t.iln-^ s'lir 
lieating surfaoi^ it wa* supplldi with h>nr fnmi the 
e.'ihaUBt Bteain, which was thrown dircotly into it Ir .m 
tlie exhaust- pi(>a8, on its way to the ooudeuser. Thus, 
wLen tJic cii^'iue «-a» at work, the feed water wiw heated, 
tbo first pru<.t.T<>s to or n<»r the b'>iling |>oint, and by 
the seojnd process prcsuniably, to sonic point above that, 
liaving some relation to the initial temperature of the 
fxhauit steam Tir- s-,[i».>rfluous feed- water discharged 
from tb« oondenser, returned to the tender, and raised the 
geueai teoipwatim thei-e. 
Tlia fcUcming are tb« paitienlus of tbe "CMitts" 



CftMtr, U i B a metw , 21 indin atroko. 

DriTing-vbsd, S faet C laekM iliamcter. 
rmhax. innJ« dim am hai l«aglll» 4 iwt II iaakws llNliitti. 
I let <: iaAia; dapA al biak,ffeN IM; dtMe al ftnit, 

1 tetit I Innli. 

OMttWtiott'<»umli«r, ilmtt l adhM < l i ia > t l li r , A M wo ft J, 4 feat 

2 iadu* leiiftk. 

I Wbe^ro iB aaia kit aa ti M a I t i i mt i M j Mu*i danwMa 

i, cntnuice. 3 fiwt 6| iotrfciM long, II ittflflMB Jn^ll Aa 
I 0^ hu2iea deep al IIm- Itick. 
Wwfwtih in two 10 iMt toUl «r«ik 



Cosnbi 
Tllbn, 



.... 107 aqure fart 
„.. S7 ditto, 
61S ditto. 



fMiqiantai 

ilaat«u£ Rurluco hcivka, la o^ataot with * 



BUai|aim 



lb And diaotdinary quantity of haktMuMaad intiw 
flrebrieka, one of eaah tarn, tt Mdc WW IW i M fal M 
ordinary fturoMe, to tha wnal difwa <f ndn 

at work, and plunged into a laif^ Teasel of eold ' 
The olieerred ainouut >>y which Uie temperainra of tha 
water was raised was multiplied into (he qaaatitjr of 
water, and by tho numlwr bricks of eadt form; and 
showed that the bricks contained upwards af 900,000 
uiiilii iif hrst, etjtml Ui the heat derivable from Stiba. of 
carlxin, wliich would evapt^jrate 3 cubic feet of water. 

The trial.5 with the " Canute " werw designed oliielly to 
test the performance of the engine, with the asual L-.\iir«98 
trains; and to OHiwrtaiu the woriomicn! advnritu^ of the 
firehriek!* s:iiiii.e-pi-!'ViMi',n -, I iit' the t'l-c l ■ wuter 
iHaitinj^ npjxvnit iLv Tht* t-ti^ititt iht ivt'i-iv trit_.l uniicr 
VArliiU!' f^'n.litiunti : with imuI .lud with diki .WLth Iricks 
or til'---, a:iil witlii'Ut ih-'iu, w;Lh IidI iiii-l WitU tj>A-X Icnid- 
water 

The ootil u-;'.l wtv5 nt' thrc' kiml-;, I.l.i!i;;iiiit!i<j^ Merthyr 
f\Vel«h) cij-'il. Lliitr or.^il ih;\r.l,. ;in.| Suv,-ly i^vil (wjft). , 
The cuke WiU mmiv fruiii Riniviy > p>kui^' n-i]. The 
w.itor sup[.:i' 'l I - ihc r;iL;iht- hiir'i, it wii.s t\--u- 

traHj-eii I'l ^lIIi-i-, .mt! nf uiuii;it'j -if uuiuinuia put iisto 
tho ttiiiler. 

The cuab WLTe ijrliv.jri'.i to tl>e engine u»ually in equal 
quautitis, of one-half of WaUl ooal, and tha laaafaidar 

of firitr and Stavely c*)ak 

Till- Tiil'Iti Nil- VII. ciiiit.;iiiLH an alfetnv-t '>f the ronilts 
(if V\i- [BTtortnaiicw (if tiie "Canute eugino, under Mirii- 1 
O'ln htioin, dcsorilwl in tbe liody of the tabk'. 1 i 
av«rn:;i. i p.^^fo^n^^nl^« <i( the engine show Uiat, in ri^ulai- 
order. M'itii tir-i'tih"- nn'l IVihI x aI.t hmting ^paittlN, th* 
■'Canute uc<juitted lumelf a" I' ll nv^; — 
EuciDo iui(l u«-Vr .i:i u i.. ..cvlit- 

Trmin. U iwTMffu*. *>)4 t«4M wo^fau 

Enf;ile. tf^-Vf. and tn^n. lu:J tutt« gnHB Vll|hl. 

Aivn^ if.e«l, cxcluiU^ vtiffa^:**. . ^ mil** fmr Waar. 
lln^ wntunpUim ofn*i»J, IT I 1-.. ]-;r trun mi!.?: c* 

•17 III. [wrtiK, p-H. -,..r inuil-llliU. 

N<tt a«iNB|Kmi al mmi, w 4gtj. aidaaln u( fual be gMtiag i|i Waaa, 
•e4nBiatig«fca«atlM«ar<ji.'-~» IMItefviMrerslnnou 

1Mlia.iiwlnfei.alla; <r 

"15 lb. prr too r".*" v"" t™iai-mlla, 
rttadilgr,.' S2cttlucf.--ccj.fi tiuur <ii ft^Am tai] 
a-M aaUc IM |W tnis-iaib ; 

k, lae (ma far Bilei 
Mllik|wIkaMt 

train, the parfctmanca 



.\i,':tin. with the 
1 -.1 - 



A I hii 



KMa 
Man* 



'.'ii:i ut^ •* L-nt^M Ufi tandw, Ma. 
«fNMa, cci^utiub^' Md^^'cK. 30-7 iiiUm Ikoatt. 

i|itiau ciai, - SO'S lU. f«r mill' Mile; or 

-I'JI 1l>, [Mr ua sruaa ficr ta 
ItMS af aaaly aa ifaMJ...... VIS (<r hivir at«iuii nn ; 

S8-7 IIm mia-riii^. 



■ItKi lb- (KT Uin gT pc-T tnin-aaila. 
1^ miliic fMit li:.ur iifalAru c4i{ 
4 7 cutcti (cat per tnia miV ; 
l-as Ik par taa iraM |Hr aaUa; 
«Wte|«k.aBri. 
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BE8DLTS OP FBACHOB IN OOtAIxBUBNIKQ. 



r\aLF. Nr, VIL-OF TIIR rUU>ORIU.NCK OT BFATlIt^ c i U Ill-RNINO r\S«ENGER-LOCO)IOTrrF, -CANITE." OS TUB UJNIWS AND 
SOUTH WMTBMi U1J.WAT, WIM BXPIM IHO MAU. nAIKIk BBTWUM UMMN AND m'TUAItRON, IN lUlOH AMD Ami, IM 




'IflMrfm IrtMllrtK 

S. Tli« nreft of fir*-f[nUA WM IS iqaiM |bal» 

IL Tbe weight of train ia ftttimatnl (ran 
4L Tlie result* are liVtrni^rxl iii all OMM A 

tlua|i«cj>l v- iL'liVt! train, 
lb T1i*Mii|i*»<Uiuj;<'r » M wwktd kidn opn n-itk oM niti 

Thn«, in oHiiuuy workiiig, tiie eagino was found to I 
lum nttHxl 9 £5 lbs. water per lb. oo«), the mean of { 
trija. Bntk it a|ipeared that vtheii tii« hoikr was 
. flC and 10 cleaned, previously to rutiuiug, the 
appanaaA m^antini in * day it wuric ww lam ; and when 
ttwaa aa( Vmm off, it van uwre. Thuis the t^ipiircnt 
averii^M «va|>orat1on wa« only 8'5 Ibe. waisr per lb. eoal, 
« i l.Avn olT {irevi<w»Iy, and 9-5 lln. when not blown 
otr Ttiij rxrvisi in tho latter caso, 12 per cent, i« due, 
|>r«lmlily, l].e primiDg of the comparatively fool water, 
xeadorad mora lil^ely by tbo limited Bteam-room in the 
baibr; and it may bo proeamcd that, tliough the con- 
muption of water may have been more, thi;^ boiler did 
noli evaporate more than S j IKi water i>frt ix>und of cool, 
on ordinaiy duty. Aj^'ain, with wid feed- Water, tlic 
eogioe eynponted 8-Sl llis. water |)Cr 11k floa^ tin boiler 
bvriog \ir*n blown off pr«viou«ly. Here it waj )» re- 
narked, tbal th« ratio of water uvaporated to fbd, ii not 
naeeeeorily affected ligr Um feed-water heating apparatua, 
as this retoras the oondanged ateem, aloag with tlte heat 
derived fixm it to tka water, into UHboilsri and byao 
much a radnaed esBmnptigB <f w«(ir ftoB tt« taidir ie 
pmpwUtinl to (ho ndMid miiiiiiMpyflii of 
fliel dM lo tto «• of Iho anHMteK 

VThm tlw tilas wan withdrawn from the boiler, (be 
ev^Kntion botb with cold and witii kit water, waaSIbe. 
parlbkODoL 

Ib 1nmiii« ook* ao fiul, Um taei wan not pwrad to be 
of aajrtaMAtv— aa of sHnaa thetf warn not aKpaeted to 
bo>>jDdat4, » oeoaa toban ~ 
tbaoL Tho noon oaampyon of wotor ma 100 
feat per haav,ud T< pir Ik oofaok 0||mbb( flS onUe 



«iieBi«ik.ae«Ni 



be iM Mbbs m|* wKh 

thui with bated water. 

feet t)er hour, and (t-S U:4. 11 1. coal; at a greater rata 
of ctiii«uni]>lion tbu eva|^imtiv<! <iiBci«ncy of the ooke waa, 
imturally, le» than tbat of o<ial, an^ Ot equal tatee^ itia 
prubAble tbat the randte would b*VO pfOVOd OOfa to ha 
equal to coal in ovaporative efficiency. 

lielative Performaiue: — Sclocting fur cotiiponaon tho 
caaes in wbich the teain avaraged about olevcD carnaflOt^ 
making, with the engine and tender, about 100 tons | 
WtUgbt, tilt relative oumumptiona of fuel were as follow:- 

Ciniditiofu. 

Cotl, tilan, bat wiler, -IS lb. fm mOt ft Uin gnm. 

CM, M tSlM, IM w>Ur,.„ , „„ ■!» ■>. do. 4fc 
OxJ. tIK w»w, 4U Ibw a*. do, 

Cfkt, «)J<», hot "mlw, •SOlku *>. 

Cuku, tUci, bijt wHttf, IS*; ib- 

Again, with tnint of fewtaw to 
makiBg ISO to Itttmt pm, tbo nk^Ta > 
are as follow : — 

Coti, Du tilM, (KMnalMt 40lk.|*aibpwlM. 

Uik<, IK tiln, <nU wsMr...«i.n.,~»,^ Oa, 

With a train of twonl|f-oi^ mxiaffll, WtHag fM 
ton* gcoMb tho reaolt ii, for 

CSed,<ll«M«u«r, Ill lkf«nikr<rMa. 

It appear* genendly frcne thiie da(%— 
Fint, that by meoM oT (ho flntOa^ (be oooaoagptiiin 
of cool woe redaeed 14 par eeoL, aa ooopaied with the 
boiler witluut them, with heated {eed-watar in both OMce. 
With oold feed-water, (ho oonparina nnlte la not io 
dintt: tbqr an 4U Ih. and -SO ttn oeol pec milo f&e 
ton, mviolinllr, with and trithoiii (flu, tbt onoiant 
(ho lit(w taao bii«g dna to thn aoMk bwrior 

Bioond. Oattho ooHnnrptian of oool M Mwao »|ior 
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cent li.^ thiici Lhat of cok??, fiM' ihtf isiitit? duly, with tiJc« 
and licit wiiU!.-. But. with tilc« fur mul with coU 
WIlt«r in hfith tluufi*, thtf?> i.l lln ^!^v:rlU^ di?fi?rcncv?. 

niini, t(i.i( tini c< >iuuiii|)tiuii of withijiit tilffl, ia 
1 I [M.T <N':it Ii'-t-i th;wii tlint of (xiW*\ lnjth with iiul \viit4!r- 
AVith toIiI water, tho consamptionii are prjKrtioilly thv 

F. urth, touching the economy of healing Hve feed- 
wster, the ojnaumplion of coal with tilei van 3U per cent 
with bentMl tluin with cohl wat*.?. Withoat tilaa^ it 
■howB 12i per oeiiU nnd tliv direct ad\-antaj;e would 
have b««n ^Tratcr had the trains )x>en e(|uaL With coke, 
tU« a4!vnMi.i^'<; i f heiiting the food-wator ia provei] by tbe 
tnct, that, drawini; the lighter train, the coiMamptUNl of 
fuel per ton with hot feed-water, vtaa not greotir ttMl ia 
drawiiig the heavier train with cold feed-walor, 

Frniii tJiB puhli^hed ex^ieritncntii of Mr. Fothorjjill, of 
Manchester, inadn t-jwunls tlio cad of ISuJ, on the engines 
of the London a!ni S<iiitii Weitct n Railway, tbe reatilta in 
Table No. Vlll.are derived: allowing tJie [lerfortaaDOM of 
the " Ironjudet" Utd One " (.'luiute," ctial-bumiog epginei, 
in n';,nilnr woridng order, with fenl-wiiler h«aUagftp|Hk 
roriM nttichedi tbe "Vc«uviiu" and the "ttemt," 
cakA-bvnuag mgiiM*, with cold feed- water: — 
T«au Mo. voL-ooiiirARATirB kcbcltb or rEKronuiici or 

OUL>BOUmO AMO OOKB-BVUtMO KNOIMia OH THK 
UUrOOM AMD KWTB WKSTCKN RAILWaT, IN MM. 
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• aMjdMqr g WM f WHWDplion tliaa 

I iMlthi* baiplaiaad»iiiit by any juperiwTtrtne 
ia the «tac of eed, tali by tfaa beHti^g of tto fted-witor 
in iho MUr dM of cqpoi^iriiMA iB^U dMh «f eoo^ 
turn bcm doM Sn ths ftnner oImi. VI*inltrnMad 
pw Ik oad TMiM from 7 lb*, to 9 Ibn, oad i( b wfgwljT 
tiMt tbe ratio of evaporntlon iocrgaios with the rata of 
tin COiiiMtmption of eat\ per mile, contrary to all ordinary 
wpsritBM; wkann it deanoMi tbe cMiisaiuption of 
«0k» rilM, taul^timlilf with OcdilMiy CZtK-rii.ni.-e. There 
eu bo BO partinior '*iltalO in tiM toal-burnlng engines, 

wbiob riuMdd ooiMitiita them osetpthmal in this res[ie<:t, 
to ordinary practice ; but it 'a very likely that, for wiuit 
of blowing off, impoi-ities had accumulated in tltebuitvr, 
and primed Uie water over with tlw 
proportion ereiy encceeding day. 



F'r I I 11 ■iijii-:: 1-1]'. made by Mr. Beattie,' ul the jior- 
fornmnoi' of tin- uwiu line |«Afteni»<?rH.*n(Tinr» ul tlib Ltiudoa 
and South Western Rnilwjiy, ii. fi:.'t(i!r »ji|H.-jit!* that the 
diitiae of ooko-burning and ooal-lmrning rnginv* averaged 

• iaTnib 



nvo 



1811 „. IMS 

Amriag tlnl 1mm «m1 did noM woik tiuui coke. S«ti> 
mtOag tlM woi^ «f iaaia at the rate of 6| too* pv 
OMrkge^and oddiagtbotraigfatafthocaglntMidtaadar, 
S8 taa% tbe CdloiriBg tn One gnm laod% and tiho oosf 
ounpliooB offlMli^ 

Oiko, lOM tmiiaii^ WlkpirBlloporloagntt. 

OmI, tti'41 lin, ,.. -leNlk. lio. da. 

•bowing a saving in weight of 1 8 jut cenL of oo«], as 
«oiB|Mnd with ooka^— diMh not ao mneh to aaj i 
«vB|iontiTe lainei aa to tin aM at tin fead-wal 
apparatus. 

It amy be ooticludetl lliat, ou Ueatties ayntem, tbe 
oootpiete oomtMMUoB of cool a |«acticaUy effecttid, and' 
that TiaUo emoke majr be entjrely |]rev<;iit«il. Tim am- 
pl o jr a w Mt of fitatUaa ia attended wHb material baBaA^ in 
aooBOBiiaiiv (oal, hf perfecting its oombiutiook and in< 
cranaiBg i(( awa p ota tf iw afliciency; and by aidiagintba 
piwNnliwofHMkii TKabanefioal nsultsof tbcwwof 
dnlikl aith in tha afiaion «f tba Antbor. dna aidDlgr to 
thiir|iiwni»ti^gtta»hta»a«f t li ai >wa«iidtlieafai pro- 
bnUjr, alMi, in aoma degtat^totttir eiMwH^g Ihatainplan- 
tnraairihaaiiandothariiaBH Tba dnfy laalimfalB Inni 
coal ii giaater tbm tbab whiob b jpiddHl fay fldiw Imn* 
la tlw MHM angiMb tbo "OaBataj" — owinf to fba nn- 
lbfOunUjlai|»gnite and aipaaianaflsibaKaf (Ilia ongiae. 
wliMian notoaittd Ibr devdoping dw bait parfbnnaaaa 
of eoke aa iiiaL Tbe coal burner appeaia ta nqnfan a 
huge grate, and a large capacity of lir^OK; but (he ooka- 
bumer requii«% fir tbo g ia at ai t <ffi«iea^ of tbo ibel, a 
moderate grata and b nodarato eapaeitj. Aooordingly, 
fran Mr. Fatbaagill'a and Mr, Benttic's obsenrstioiia, it 
waa Aam that tta oiik»1niming cuginee,— that ia to say, 
the eag^aaa adafted fiir buming ooka^-'irainaBelllaicnt 
aa tbe aoal-lmning engiDai, on tha aama Uae, per lb. 
«f Ibd. aUomuwa balag nMde far the <iuperior anaage- 
maata in tba bltar angiata^ kt beating the fted-watiir. 
n» vakm laAuaea of bot and ««U ibad-watcr on the 
laatdteiaianaHlBUa! — banaik wbieb are very apporuut, 
in aa^jjanatian with bot watai; fMaa ' ^ '. or are •» to 
alaaa aitant, with oold water. Thus, U [ur i.«nt. le«t ftiel 
waa coninmeil, with the uw of the firelil«N, tlian withoat 
tben, when the fwnl-woter wm» he»t«Kl tlinnighoiit But 
Wbao the fix-d-w»tor vtut ooM, the coiwnniptirin of fuel per 
ton groK was seniubly the same with and without tiles; 
though some advantage was oianifeetcd indlKctly in tin; 
eircuiiutaru* of the Uiiiu tjiki-n with the lihw Imvitig lixn 
lighter tluiii that taken without them. The l!.---* a|<p<\rcnt 
IxfneflLi arLiihg from rlwitit^tfn of niri<lition, with the cold 
wr\:rr, i-< rni'^t prn!- ,-,l.lv I ■ In- iL^-riiM.Nl t*. the neeeasity ibr 
workiiiL; tl.e i-nj^ino with th« lUnipcns very ojwn, when 
the watLi w 11 j I i, and to the tire being thus placed so 
fur Ix'M ti 1 tht' re:tLli if delicate nuuiageiuent TIte parti- 
ntlar ij it-su: ii nf heating the fad-watar fbUewaftrdii* 

cniwion in miiitlier citapter, 

• VinM j'fjmHiifi tf ih iimttiafta < CM D^/tmirt, 

Stmaaa 1630-67. 
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CHAPTKR IX 
BMitm OP Paicnc* tst CttAi«3cnniia— (CIviiMimmiI). 

Cudioorth'x l'n;/ine. South-Satttrn Jblflwv.~T1ic 



Autiior bu btid Tnifju^t opfiorttmitiM of olMrviiii; the 
working of Mr. Ciidwijrt )i nrr&iif;rtiit^iit of t>>iler, w iili 



4tt, pa«e •2B:--4i«£rtiBalm|iriM^<f«liphiikto 
fted tiM fiwl si tlie aredoor. kod M li pHVW Imnid 
M tt banM^ providing • long run for tt* anakMlimif 
the drivwoff AMDthafiiibAHl 11»nHlli«ib> 

tnin«d by the Antlmr eoindda with Hr. CodwortlkX of 

which T»ble N ' ■ IX. LMutnins a coodetucxJ at -tnt r 



i:\rjNrF: or f fii-.voHTiri' O'Ai^iirKNiNU i/icoMomK-rNfiiNr..", !in the BOl'TU-KASTri:-; f..' 
L :! anh ok:un\kv vhain^. on i-u, main mm;, .v.nd iiiK im.i.scuE», tN i«t. 
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IoUk^ winds 
j mmi mini ve.' 



■ Mn«i e{ %bfm up lcl|«. ted'N*lA. 

I., Iv^.Uoii ul|f> l»l»l m >ailHl»B» 

Ar.t lIlMCf , tlrf»f1l0 In llKtT 

' D«i t».. jp trli». 

< In I.. ,1 .t.'rt|^ nill«ll»lll», l»kM« 



> So 



■ I. In 



" > ,J ',Kr M ,1- r ),| 

« rU.l f,-.f »..l.r II, ,11 i;.!- trUl* 

An« tti«.cm«. No- 11^, >'.'! «|tii 

!>.. >.» 0. let 

iki, gii>.», t» 



%ttrUt 

JliK l —L Tlu Unx of tlx <taai «■ ( 

with Cnijt. 

£. Tli« irro<u ooumniptiMU «t water aod fuel. coin. 9 aii J 13^ oonaprvband tin Mtirfl MuniDpiioiH on md 4lff do^* 
rni^nn wu rtrj •hurt In fisiHng tk« fui^l cmiumed, tlw (naij «<>k« Ml is tb« firabox wii lUimd <br. 

n. An lUI-nwBnrp, of 1| ewt. of fnel hw htvu (i;ductr,J for getting np Hi fMtJm*t>R!T f'^tt nftiwumpliiMi. 14, wmI thu f»tio of 

wuur Ui ni«l (fiiaunKU. ojl. IJ, 

4. No. US MigiM, on Uw Ukio lina^ widi lUrtltj ooni, rami* ataau tmlv ; thi! fin; wu MkJum atiirail ; an taakt, uiM|it » liUl* ««(•■ 
■tMdlytifcMiHtlBi 1teblw«4^ntiiMt»tef«yUtko^»»wlta|innaitaniilnaiM^ IaiM*iraM|k AtMd 

mimilliml iliTj.>i>(li>hiii1 niilj TBii ifmliiii imi Tli u«l. ■ gi |ii niiiii Tn lln 

4. 142 ingioe^ witk ookin; co»l^ aaSo vletkta with dlQlciiltj, rvqnind frtqwat ilirriii^ wHtn enafiili^hla aeiokQ WBMdib lIWw 
pip ftdly oiMaud at itationm. In one down trip, lost lwi>Cit]r-«i|fa( ndantw; ooala iiBaU,aad cotitinuall}' mIim^ ■■bkf I 
WahlmMaft«A<i»t«r.»aita««a«i»otrtw; wqplwilalitHatbrfwaatBMBt iWMltliabtoimiU 



AfvngiBg A* —Id-Bbo ptiAnMDoai irUk V(k 1M; 
the fullowing remilU villi bhI m tui, at* teifitd:— 

£ogiue luifl t«n«3nr, AO tana waiitbt 

Tr»in, 13111 laiTii.,-.- «4« Utm weight. 

Englb<h l«aikr, and tnin, llStt loiu gtOM weight. 

Aw a y fmi, tt Omt i m m m u mi m, , WO m> hanti 

~ ~ ~ Mlhii|i«rtni»aillt; 



■|ilkB«r«Mfk.. 



'ttn lb. p«ir too gnm par iiiQa, 
mil Ibii. |xr honr tU^m 011 ; 
S5 l^ia per uiit? ; 
Sli III ]>«r Itiii graaa per mUe. 
.. IM cnbicCMlperliMralaaiaMi; 
n da {MraOa; 
l-TS Ih. p«r too gtMi par aUla 
H II por IK mol, 

I>ijin>; tin; wtnio (iiity witli oiku, tli« rn^.'-in*', in it« 
• in;.^inAJ i^Tiiiiti^'n, ci.iii^uiuoil 2^ 11'^ |,^ohs fi^f-r luiie, tUT 
'i3 ilii. liL-tt. f I'.i.'il to 20 lb. jitir toll grcas (»fr mild. 

On ihr I i uiilIi linii.i, [li i rehilive ]icrfortp»tii!o of hghter 
engines wA.* tijuiillv ymnl. Witli average tnuii4 of nlxHit 
-■>4 cnrriagCT, the nvfnwjn c^orunimptjoM with coke and witli 
emX were mpectivoljr SiS Itx tad -36 lb per mile; 



The •npontm pmr «r tl» aod trat nmAMf 
§0*4 •■nwliBC ia «M caw to 10 Ita, tmtar per Ik eiMl, 
•ad with Va IM; Knngiqf Hn^ per Ik ooal, eguait 
M ita per Ik «r «Im ^ the am ni|iM pranoM to 
alimioa br bnnuv wd. 

In the va «r tha iailiadi gml^ Ingmt ii Mid- 
ftt^actheftMlbTepleDliliidaAfho iBtnuMeoaly. With 
, oool whi«h ri'tinirid yny IHtle stirring;, amoke was 
prevpnt4.'d; with ooking oo<U, whan stirred, 
smoke was diacharged. 
Since the foregoing reaolta of Ui« working of Mr. Cnd- 
warth'a engine were obtained, tiM fira-gmto of tho engine 
htts h«cn furtJiCT enlarged, and inclined, to adapt it still 
bettor for the ooMiiirption of bitunuDous coal This it 
does efficiently and economically, with very little stirring 
of the lire, keejiiug np «teain aboodantly nt 110 Iba to 
ISO Hm,, anri without Mnokr- The j^te-bars lue laid 
oloeely, witli vi ry rinrrow air-a|iin'ea, and a tij;''iil;, 
ashpan and damf*r. TIik fi.Uowing cotnpiUTitivi! iitjf.o- 
ment of Ur' train miliagi- and cuniamptioD of ftlcl of 
No. 1 48 eual-bumiug eugiwt, and of five ooke-bnming 
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XNBLBn iDOQHonvn, 



i1 (lifn^siooi^ 



mtfawaf Mjfiihom Oat the peribnuM of Na 141, 
itith anal, b niparior to Oat of (ha bat of tbe oth«r 
engine! with coke, and modi better thkn the averngo 

of Uirlii: — 

TABU No. X— THAlN MltJUaE AM) CiiNSI MJTIfiN or ntl. 
or COAt^BPRNtNO AND COKF.HrKMV. KMjlMa. ON THE 
■OOTH-EMTSRN RAILWAT, WrrS LVl'llKiW AUD OROINASY 

b noM UAKCU u IX) NOV. ai. Uia. 





1 


Fiul r.iotniD*!. 




no. 




Per TniO' 
1IU«. 


(CoAi^Bruru.) 
Xo. 141 

(CoKi-Buun>.) 

No 3e...„ 1 

No. ia» V 

N<i l-Kl I 

No. 147..- 1 

Tbebtutc^tbe above } 

36 MMaa ( 


XlJn 

m/m 


: wu 

Ohu. 

ia^4 

c««. 
tjm 


Lto. 
CaAt« 

£4-24 



«Wi«/iHMMm JfatliN^— Thii^ of tto «BgiB« «atUs 
liMh IMMmw imI giMd% we flttad with * MkeOag 
flilt mfiM aoonn^, ftrtiM •teiiiiMi Md dawMiwd 
dnftofuTnpontli«AnL TUa flan, iridi atlMts on fbe 
■una priitciple Imoght oat alnat tha aaaw tini^ iaJmt, 
18.58, will rircrivo furtbar oKidaiiatien tad fllMbaitliHi in 
• cupplemeataiy ctuipteb Ifaaiiliai^ tba ftltowUlg waoha 
of tha mnkiag of tliMa tagma for tbe fortnight enJln^ 
Jamauy ff, 1809, ooron mnioat cd hy Mr. Douglaa, nuiy be 

p'.awil on ri'f»r;1 : — 

TABLE tia. U.-K£aL'LTB Ot rSUOIUIAliCE 01 IMUULAS'a COAl, 
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OBAITBB X 

I or Vbmirb or CftU/JoKimre— (OgnH»»mJ). 

X: Ofavir* JMftiNl y AtoaM-lniMlti 
L-^Thla jliB 4]^ eoia wUhoot 

•a^pted to the loMoutivA-boiler, ww tried flni oo tbe 
Koitli Imndoa Baihnyr> «IMB No. IS taak-engioe, in 
Jaaouy, 1H& 1I« Dieibox was 3 feet 6 iodieB vide, 
ndtftatkog; ftar tabnlar openings, in a raw, I| inch 
diaowltiv win nada tbiw^ ooa aiito of iht flniNK only, 
«ba ««lMt rida bdiir Uodkad tgr • otfefr-box. Air m 
adaiitted throuj^h then upenfaifp^ and delhrand ovw the 
fiHl, and fiwvilily inducted wbMi MotHuy bjr meant of 
Cmw j«ta_ of ateom from tbe boBtr, A' >» dlmwtor, 
~. iato the (^temogt. theaa neanf, «mok« waa 



tted, in using hard ooal, smoker enough 
in ihaK Iba diinmey was coinparatiTely wide^ bwog 
15 inabaa in diaaieter. and tU dnfaoK aaadli and «bo 
remit wai that all the prodnoli of aoa il welSaa won <ar- 

ried olT, and emdte waa banidied from the ehimney-top, 
by the natoral drail of the bojler, when the aleain waa 

shot off, and without the aid of tb« hlow-pipe in the 
chimney ! Tliu) Li the lirst iustanoe on record, in which 
(Hjal-xinxk'! r.-ulil W eirectually [irevented in a lowiuutive- 
boilcr wiOiiiut tbe wwatanoe of that powerful auxiluirv. 
As au experiment, to U.-< th'' raj.a -ity I'f tin- rn^itm to 
consume ita own smoke. Iiy nit':iri^ ut' tlic »lo:iiii-iiiJiiL-t€ii 
correnta of air, a few ali . I Iil. of dvr-iii wore thrjwn 
upon liie fire, whi<!h iiuiut^lja'.t-ly dln^bar^ed a (iHiiais 
bUck cloud of Mtioke, when tii<^ plemn wiu not in a< t;HM; 
but when the «t«»m vm tiirm-il nn, nn i [i..w. rfiil cur- 
rents of air ]irojt.'':1'>i int'i tho atin'iiej'liere of the tire- 
Ihjx, the hl.tck cloud 5|io*ilily r'ilk'.l oti', :in.l. without any 
aiwiMaurp from th:^ hlL-«-jii|if, l^ft ih<- tliimritfy -top a.H 
clfAr a.t tii« ^ky. Whf.u ihti rtteiim vr^ei ti'iupunirily »hut 
off, the cloud of dark .smoke reni>]ienrt«l A« the traffic 
of the North London Rnilwny is short and intermittent, 
j.>artioular8 of the working of this engine wore not takcu. 

Iho Bi.iMnd application of the method of stesm-noluettMi 
air-cunents ^^as n.aiio t':i No. tli ()as>en;;t--i 'li.-in--, ii ih« 
Eastern t.V'untie? llaiiw.iy, nn.l (ml Ui work in .\pril, 
185S. The firebox of thU enfriuc i.t 4 feet long, and 3 feet 
6 inches* w iili-, ia^i ie, iijui llir chimney is only 13 inches 
in diajiiotor, Tw;, rows of 2-iQch tubular optiiin;;?, at 
different levehi, were made through each aide of the lire- 
t>ux, four openings in tbe row on one side, anil three on 
the other, to alt4.Tnate with tbow opposite. Two rows 
of A-inch jeta of steam were applied on each side, to 
eonoiiwild witlt tbe ofieninga; but it vim fouml that, 
|ll1liliaHjf. tlic lower mvnt w«n> siifriviiMit. Tbe tmo 
upper rowa were filled up, aod the lower jet-noulcs won 
enlarged to A inch, or aboat A indt diameter; and, with 
tbtto diowaiian^ tha angina irariu with effiniaitny in 
famnby eool, kae^inc op i 
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taking tb« LodJoo, Korrich, and Ipswicb tmhis is due 
euune, and kmping timn, Thoujfh the enjpne is ratber 
heavy on thi- funS, with no largi- a flrflmx, thr ri'^iiilt.s (if 
h«r perfonimncx! ni.ny hrro bo slated, in Tublij No, XII., 
u carefully plwrvfd by the Author; and the}' are put 
forwiund, not n.s finithf j rc^ulti. but only as the rwults of 
what may I* catlc'i tl I.' rii-l i i le |iMij :;i-ai a|ipliration of 
themothod. Th" Mi-AU^,;a^:.t h, i.lu.-tr»teJ by Figa. 54, 
5:, <:)'!. 

iu LrniijituKi^ tiic^ii n-- uIls witn Willi, and with ooke. it 
i« to be observed th»t tbo wi-atlier waa oomporativtily 
uiifiiToarablp. and the avcrar^ train rather bcnvier, wliilst 
bnrninf; coal. 

Second, that tha greater propoitwa of co&i was soft 
Stanley, nnd tlie remainder bard Portland, and that, 
under tht^w circuTnetance*, 2| II*. per incl>, or aJ>»ut 
10 [K-r I'l-tit, iiion? o:>al thiin i-<iku WM COIMUiiumI. Ter 
ton jjnsM, till' <ixira wiisusnption of coal yr&a only 7 jfr 
cent, as c^miparod with coke. 

Third, th« evapontive effieieiMrjr of tha ooal was as 
736 ll».to7«lbi«orw|r« fwaniitetorflwlgr 
the coka 

Fourth, the air-openiutp wrn- cliwd wlii ;i inkewaa 
burned; and st^am kept up oipmlly wril and t'jvsily 
with ojal as with oke. -a-ithuut .'»ny ''Xtra rnaiiai^BUKTit 
of the Are; aad good time was kept every day, 

It ia further to Ik r«marke<l, that, on aeoount of win i 
and weather, the duty liein;^ heavier whilst burning coal 
than coke, — a« in obvious from the fact of (he (jreator 
mileage counioptioa of wat«r in the former case, — the 
lew eva|>oratiTC afldency of the coaI is accounted fur. 
And, as the air-op«nlngs through the aide* of Ui« <in;1x>x 
were occaaiomlly stopped by th« fati, th«ra h no doubt 
tliat, by increasing the namlier of the air-opening, and 
Otlierwiiie improving the details, a performance, at least 
■qoaUy «fliKtiTC may be iM4 fton ooal as fuel, as &om 
tSka. I«aUy, it hi to te btnw fo mind, that the ques- 
tion is not, as Ix-twwn one engina bomiag «oal> «ul 
anoUter engine biiriiitig oke, but M IwlVMU tiwOMOf 
md and of ooke in the mna enpna. 

Hm apfiaratiia wia next applied to a gooda-enginn, 
Noi 305, on tlie aam Kll%wni the engine was put to work 
in Momnber, 1858^ uim[eMl only ns furJ. Tlie fii«box 
wm 8 teti 6 indiw (qaan; it mm fitted with four csimi- 
«l openings on eaidi sida^ t inehia Jiametw at the firo- 
ta, wd ^ inahM at tlw ootaid*^ Aa Oi* hiad.wiMdi 
iM(M p■Iti■^f aloaf (he lidM <r Mm liriMi^ a* qwn- 
~ I oUi^ Id the Ibnmd petite deer the 

1 the Jile af rtMM «m ii^M fti* 

lafOe InibiiB, TImj vera alv in- 
I at maa^ tiling nob aa » wwe 
•H^i but at aa eipiriaea ^ to aiww Iww the inlMled 
flnmsta caaM naak tha avftea of the 1M at myiag 
lank TIm nmdtt eMiiud an entinfacUwy! eiaota la 
idketnaUy prev«ale4 tte afar b equally disttibattd, fhe 

( af the nozzles ^tMiOmg to etfect an equal distri- 
i; and it appeanthat At eoosumption of Aiel, using 
ooal only, Aoea not eaaaed tte fvevinus consiinptiga with 
ooke^ being ■» both eiMl aheut 50 lb«. per miln 
U ii to he M M — 4 tt>n^ ^l^o mnaBia|«te if aoal 
he etill Ilia if the air-opuninga vara flltad vith 
, to regulate the eoppiy of air. It appean, alao, 
to itUow, IhNn the «xpnien« of the method of 



indneted air-ounenti^ (hit fiM proportion of 
oamsnmed in the prooaM h WHmiy appreciable ; at dl 
events, it is not important IfoNorar, this method is 
(listinguiabed tMm all othei% in ita oapability for pre- 
venting snM)ke without the lid of tha blow-pipe in the 
chimney, whw the latter is aofficiently wide Is indvoe 
the aaediU dM|yB||| he acconntoil for, it would appear, 
by the aeoompSmSb of complete combustion within the 
HrelMx. The blow-pipe is nevertheleea, of ooume, a con- 
venient auxiliary, in drawing off the pro<luct» of coiu- 
buiti'jji ^v'lilch iieoissarily aocuinulati' in the lireUii, and 
which would r't.lii-rw is*; [tv likely to cjiu-m? a iliiwriwiu^.i 
r-rfhix thn.iigh thf i,Tnl<%with i)lhi!i in nnvri/ninnm It is 
not uiaintaiuc-d lhr\{. in th<' piirtiriilar iti.'slnnii' of N'> O t, 
on t:ie Eafitcm < '•"ninlic-'i ICailway. this indepemJi.'nt sc- 
liun of the iuductt'd currents was entirely att.4iiie-i to, 
n.^ lliifV Were not sutfici-jnlly numeroua, and Uw chimney 
wfw stnall. Nrvrrt.h'-Itew, in tliat engine, tb»i Minoke ]uim 
!-?cn VI ry •iii:r':i rcduoiil in dcnoity by tho iinai ii-.i thin 
OS th•^so airrcnt.f; and in No. IS on tho North London 
line, it baa been completely itniuctsj, without tho aid of 
the b]pw>pipe. In a nnaU stationary boiler on the looo- 
aoliraplMiitheaaB 



OKAFTEB XL 

Soumox or Tins Pbobuoi ot m Cnom ud 
ErrscriTB ConBusrioy or Ooal ts Looohotitbi 

It hia not been attempted, in the few foregoing chap- 
tens, to account fur everything tluti haei Wti done in 
loooinotiveii for the purpc>sc of CDnmmini; inal without 
smoke; the intailtion has been to show the general dirao- 
tion in wUA engineers have looked for the mcana of 
insuring oom[Jete oombnaliaii. There is one little feature, 
of considerable importance, oaminon to all, — the steom- 
blowpipe or auxiliary jet in the chimney, — which ia made 
Me ef for tite purpose of eootinaing the draft of the fiu^ 
naee, when the powvrftil artificial sttmolas of the blast k 
at interrals aupendad. The action of this immlm aniii 
hiletor ii wall mrthy of atadfi end it ie a qaariiiin of 
dlnetlr inaHeil fatemt Id whet vagr fha UeWi]ilpe 
opemtai thva eKftaaUy. tMUag ' 
flnhn^ at lan^ vadv «ha aation «r the Uow-gipe^ I 

ha pamirad in tta Ihaho^ waaiffiiig Ua wtf iato 
tha tiAwb wMeh h eee wa a itMrtKMOt at the top of 
thaahiaaegr. By what pneiMialhieviaible smoke made 
inviiMet IteraBM tohehya h eat | i ti ei i ,orpfeeipitatien. 
or a little of each, hf the ataan ftom the Moir-pipe t t h e 
jet of steam "paiola tha iDMlca." laiparitok though tadi 
M, mode eif banlJdag —aha wtft^fm^ It It wiaHhaltM 
tnm that eraij one ef the aiaMandBf ( 
hack apoa the hkwiilpah ito the man af < 
the extinotloo of aoeoka. The aeHao of the aiaam-bbwt 
in daitnyiBr vMU* >Mb% while the engine ia at work, 
is appaiaal to Iha raaat oidinary ohaerver, inaaroiich as 
tha iHifihaife tnm Qm ahfanuey, which may be clear and 
eoleaite what tha Uait ia en, may lieoome densely 
biown or Meek whan the blast u off, and may only be 
mit^nted by a diidiaige of steam from the blow-pipe. 
That steam paaHasea a conetdontble power of precipitating 
aaoke pertidti^ may leedily enough be ofasinrad over an 
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OTdfauwjrdaMlit fir^ If iineliat tk* ■toku ifmrtuif 
fiwit*lMMleiBtett»niiBffl^iiMhfc Itfefcondto 
luiih the BBoln b ^ gmtutttlm di|p«%— oBrtuBly 
Hit fay aoy act of MttbMtieB or odiv ahaniicBl pmw, 

but fey rinpb plqmkal aoUon. And, it is in virtae of the 
•MM flMO^f tfabialUagar preoipitati&g aDiM>ka-|iaitieUi, 
thftt oerUia |IMMM tir pnm^iag anok* apanto hf 
pmdug tht MMln late iaMmto eeottoi villi mitr. U 
iatawl, riaOtriy, Uuti awoke from «uitloaM]r<hkBaigr« 
ii Mfadnd orinitigated by diidiargiag tbt OihaMll •tawn 
into tbe chiamay. Of ooana, the acAiaa of eadianBt iteam, 
no directad, in aaealemling the draft, and ttmi in anoUier 
way diminigliing amoke, diatioguiahaUc fixMn it* nctioo 
aa a precipitant or abwrixnt; bntt in many oaaea, doubtr 
bmt thi pnvwitioo or redaction of amoke by tlie agency 
of ^cam in the ehimney. is du« mainly to its operatioa in 
t)i« 1alt«r oa]M<!ity. 

It cunnut pn>]i«rly, (livreTore, I>k oMiiiueil tli»t (MiiiIiu*- 
tion in in o%'erj' raw wmplcte when mnokf^ j n vonH il la- 
the Hfrencyof stcani in the chimn'-j-: — w IjL^tljLT th.j .I'lixjiit 
hf ninniiii; iinilior tlio lilrv^t. < r sUiti.i -iL^ n-ul'-r th>. I low- 
pipe. This U H I'jir -SuljjEcl I'ur jjriu_'tiL-iil invf.itipjt:!)!! ; 
ineantinie, our (■piiflnsii.n nf pnu'tical value nuiy In- ili»wn 
frrjiu the gt-nrnil t'x^-rii'nLr nf Ui« sincikt" ]in'vt'nt;7ti^ I 

H'^i'Jiry of stJjaTU. II -\i tlint if. '.hat '.vc l/livn tij |.ni.-,T'l ' 

against Keiii;.^ iui.'^Il*"! Iiv iif iKjaranL't.v?. aTiil slinal l nut bu i 
diverie i IVntn tlip u.::cr'iii|ili.H]i:MMtit. of tti-j uinin oltit'-t, l| 
tlic thnruugl) cotubuiitioii of 00*1 hy ample odniiasiciu and I 

intimate inixtim «f lir ibm tin ftnl, and Mmgit the 

It. :u;»y I o (id'ic i. t:int. where pure stu-'un is d:HcliarL;fil 
Ufw-iri or over tlio surliice of the fuel, m luIsL it. (.'j.i'r.iti-!« i, 
favourably in jirtiv t-nt-nL; or r'«^ilui-in<p' srrtoUr, it alwi .ianj;« 
th« fire, Aiui ri'Uitii) combustiwi; -it Itv^st. nueh is the 
t«iul«iicy of this mode of uaio;; ^t' liir., 10 far as it has 
come within the AuthorR experitiuoe, — in in'huUjviT wnv 
it is intriDduoed. i'otiHt-»[aeiitly, iao<lttt of sinwkc-provcn- j 
tion hy thu agency of pure xUam, over or vpoa the fiiel, 
arc uDoally attended by a difficulty in iwlrillg itWlB, Md | 
an excessive expenditurr* of fuel 1 

The necessity fur liJii.iitiug a supply uf air above tJte 
fild if onderetood luid ackoowledeed by all, — whether it | 
ha ttiwngh the graU or otiMnriaei When tlie gmie. is I ! 
very large, and a thiii t^re maintained, the needful supply 
of air may be taki-n uliuiut entirely through tlie grain. > 
It is, however, in>li-'<:i>tin!inblo to this mode of uianagiDj; 
tbo fire, that the fwd should be carefully supplied at short 
intervals, and in smidl quantitiia, unifimnly diitribnted : 
— in recognition of the principle that the man nearly 
nnifomi the supply of Aial, the mm alH^ ii the 
generation of combustible gases, and tin man pmbtUa, 

««w..J{.^ly i. A. «f Aamm jy—^ p-- 

VMtiioa of anoka WMh inciliiMd gntea, «r «ourM, the 
ItMl m alj daponlad awr tiw aatnoce, and finds its 
wiigr dvm fe{f giawiMiaai; and ibair greater case of man- 
agaaiaa^ 1m lUa mpaatk aoavaiad witli cvdinaiy Inal 
gntet, a^aly eowtUotea tMr aopannrity to these:— 
VmMf aa JadtM' ihraaa^M eoatianau^y a(tb« an- 

anall ar mrfatala liaad tow! giutai. a oaaMba damandt 
atill pmk0t ana than vith larger grates, where hwIeb ia 
la In la af a n to d lij«irftiQaitha9ato>-4kefliii«aiiiat 
taiHIImaialiMqiBMl; and aa«hadMr,oC asanas iaaioiB 



impnOf opened, anatbar a«Q ii intanad, ilia adaii^ 
aisB af a large proportiaB of aald air into tka llnlioKf 
ouat cf winch paam aif nnbnmt tbroqgli Aa tabai^ 
alulliag tiia lioilar, and afciwlring the prodaaHan ataan. 
Such evils ara 'vaijr onadi tadmad i» m^ltfliilff Igr IIm 
aimpla praoaa af admitting tt«A air ftr fho a a Mah m l h w 
af thagaaei» eUiarviaa than tbrouj^b the foal,— in graater 
or law proputtlOUS, accordin)? ax it may be otiliaed; and, 
nx this independent admission of air is a very aimpla 
pnxxB, it is not worth anybody's while to ettdaavour to 
diipaoae with it 

It may, then, be adopted a» an axiom in locomotivo 
practice, that an independent aa|iply of nir &houhl lie 
admitted above the fuel, far the oonvenuoii of the oom- 
bustibto gasea Further, (Ite air mi ailmittoi fnust, tw 
thorounhly mixed with the gaiws. LoiiKth «jt' run pro- 
mote.1 the mixtun-, ami in Mr Iicntti''H b-jilor, the 
mixture U furtSicr lolvinwcl by iLo i[it.jrp:viitioii of 
tiri'lili's. Mr. Ynrrr.w brick arch ■ij-sratcs KtMii'fjrially 
in thf KvuiL- WAV. — lioubliiij^' iLl- i liii, iiiiii prom:4iii(» the 
mixtuns. l)out.'l;uvN 1 iUfli- [i]:i;<' liimij inside the (irrbox, 
^^;aJll.^l. llic- .'i.i.rw.jy iiii i Ia'Cm' hiwl on the door, — «imihu' 
Ut eacli nt)iiT in tb-'ir mode of operati'™, nnd Inath of 
thnm ir.)^cni(-UH. — ■ijieriite reversely, aad with consider- 
:\l'k' EUci-f.^ by iin ifrliiii; t.b.i ilnift of the air admitted 
tUruu^ii iloorwny. iiii-I .lirixrtin^ it ovt?r th*,' surface 
of tlie fueL BoLli jil.um, i;..,wi.;v.-r, involvo careful 

maniigeinent c»f th<! lire, — tbin nnil frciiuont iirmc;, and in- 
candescent fuel at stations; and a outitiou-i rej-iilatt?d 
ndmiwion of air through the lioorwiiy, \m% it idiouid Iv 

juJiiiitt^il in t 1,-rt-at \oliniu', ntui In- iroperibctly mixed, 

— lettiiig tiiiWii the tiU'''i-'u, aU' I wiuHtin^ the fue!. They 
alao mptirn very [Mwcrfiil blow-pi|*s in the elii^uUL-y. To 
in.iiirc tli<9 prompt and clfective mixture of the iiir and 
^'ivw'», t'li' air should be admitted at Uie surface of the 
fuel; and tbe nearer to the origin of tl>e gase*, tlie better 
is the result 

But, the ani]>le lulaii.'uioti anil intimate intermixturs of 
air with tho ga«M above the fuel, moat be effected in con> 
junction with a sufficiently high teuiperatun;; and (his 
condition has led to the adoption of various mudea of 
beating tlie air, or the g t m , or both, prior bo^ or at tbe 
time of mixturei Ur. M'Oooaall aaggaabad the use of an 
nir- chamber within tho amokebox, in which air was 
designed to bo heated, and led inUi the lireliox through 
tubes. Mr. Wilson, and Mr. X>. Cwdi, conduct air from 
the front, through the itmokebox, and the WUer, by a 
number of tbo fluo-tnbea, and these obo partially heat the 
air on its way to the firebox, — ^lettin^ down the ste&m, of 
course, in a proportional degree. Ur. John Gray e*t*l^ 
linHcd a cuke- lire on a supplementary grate, s» a reservoir 
of heat within the fire-cbamben, and Mr. Bnattia embodias 
hia iu a mu irin^yifaof Ifaabridt; and otiian attemftto 
haat tU M^ l ^ iyidi g a ^^ owe «to amrfiM 

dudbtv iaaa— d iytaa a d wrt iigaoi u Hy; feat in tin ndi^ 

faana been avarloakad that thare is abundaaet of bent 
wiMMnthainaandaaaaatflial itialtto aufptythadaawtnd 
fa tanpanttafa. W« an of Ofiaian wSA Mr. G W. 
WilUaBa that tbe aoadiartiUa gaaaa tbem^ra, wttm 
taken aiaMir«iWB,ai%in |pMnl.aalBaiaaarUBih in 
tanywatwa to aiii U i n ao wfe w tt oa iiWiatddairt and » 
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k dmoutntbk in pntctu-K, tlmt IMh itwy b« dotie in ii 
■iB|i|a Mid uttmnl nMuui>-.r, (>y i'rTi->?t.iag the needful pre- 
VmAmiy pneMt of ktutin^ t)ie nir at or Doar tbd Wtrftoe 
of fb fiMi, wbMIM Oie ginx (iiDci'Ke at their bigbnt t«tn- 
pmbut, ■md vrlwro the radiant h«at from the fuel is »t 
itt BHudnuiBi intoofiity. In boileii> with internal furaaoes, 
mora than in others which have their furuacus surroundeU 
with brick, this immwlinte proceaw uf mixture auJ coiu- 
biution ia neeilful, iiumiiiuch as thr! ah«or)>lioii uf hmt 
hy Oie nurruuiKling nurfiKXst, luul Uie <li^railati<>n of 
tfltnpemtnn; in tin; itin '.iphcro of the furnace more 
promptly ami dioinvcly ti\k.> place in the former than 
in th-^ L-ittcT. 

Tilt' jiti'bleiii of tltt; '.iirtH;t aud elUcient coUibuiiCtoij ol' 
rttk], ill the loccifuotive-lioiler, np{i«ar:<, then, 1* hrnught 
int-j » narrow ooiiipiun, and rwolves itaelf ioin tho fol- 
lowing conditioni) : — TlIE MMEDIAtk and riici'in;!! 
IHTHlMniTCRB OP A PLENTIFL'!. BLTT tttUflJlTE!) SUPPLY 
OK Alii, WITH TRB ASCKMDIXO SXllKE OR croMBlJSTIIH.K 
aAUKS, AT OK XKAB T<) THR KI'RrACE OF THR rim. 

Tlie plan wliii-li niiwt. siinv-ly nn i t_'Hii:iontlv wnfk^ ont 
Dime conditiiTi < In iirurt'c-. so )i\r n.% tlv: Jiteiiey of tiie 
afTltiiary druft h'-m .aHlo. cijri>iats nf imw:i nf i.ii'>iiiitr 
af>enin(cs thi-.:)in;li the »ii»U of tli« timbix, nl liif li'V<;! <if 
the fo*! -tiny iiMi hiet eiljviitiis of nir right into the 
lir^liox, lit t(n' |in>[iiT pliTO, miN'tinir tho asocndin;; nir- 
rcnt-i iif c>iinliu<itil4e pn-vyi al r-.£;ljt angles, impinpinf; 
upon, mill comninfjlinTr wi'.h llieui Prartsrally. the level 
of the fuel varii") with tim ^t:^tl■ nf tire; ':>iil, if thi> 
air-openiuga be tixed just at tbn higlii^ level of lh« fuel, 
they I'linlinue «ervioiMihle ami efficient, within the limits 
<i( gwxl prnction- Good result* have been had from the 
use of seven S-inoh tubular openings through each side of 
the firebox ; and talcing that namtier for n tins grate of, 
»y, 1 2 square feet area, tJ>ey give for the two sides 4i 
.Mquare inche* wcttooal nrw of nir wny, or nl>out ♦ square 
inclitw [W •qiiaw foot of grate. With dampers or slides, 
the openings may he eontracted according to the require- 
ments. 

For finboxM of Umitod langtli aad breadth, and great 
depth, UkoqiadienttoiiMUiw (fa* aiiMypraingi, ao m to 
direot Um air-enmilti downwards npon the fael, at whst- 
«Mr loval til* mrfiMB of the fuel may he. 

So moch for what may bo <l one by nieaosoif tba aatant 
drati, aided, if need lie, ly tlic Uow-pips in the abimB((f. 
It is not perfect, but ih good u (at an it goes; H iHHita 
langs of power, to overtake tlia extrcmmi of iatenw 
ignition and rapid g«neration of smoke -making glees, 
immediately nfler the nUiiun is shut otf. or when freab 
fiiel is added; and to Mii itself also to the quiet state 
of the Are wfaaa tb* f^aw and o!:citement subside, as well 
M to all tba wjpng aanditMiia of * loooinntiTn-fiimaeBi 
Tha aMaaa of vaat^jr (iclndinv tiM nagt, mimmt. aod 
p0«w of tim alr-«anml^ «Bd tt Mtalitibp •^wttag 
llin to l]» waali «r «U fluMMi m nniU «ht 
iii*ro«ito%«r tk* jakdfalaMa an|ik9«d Igp KbSL X. 
Oliii)l^MiiMU«riindiNlii« and andtnttaf MMMto 
«ri<i;a(»oi4i^to lifa Mthodor itMB-indMlin. Tha 
riawi nnrriM, with the aii>4»bea towanU which they era 

a^tauMd into tbibiboR, aad IhqryaiiHiMMMy the 
wMfovwafiMgiBgaadcMitiagdndk VfhknMud 
«r ikmtMaMin, lb. Ohrit dalircia tha aireormto 



11 with auohpraaiaiim and Telocity aa to awa^ithawfaola aor- 
I fiMeofthafiial,aadlbreiUytodiatnbiitethaairamaagBl 

• the gaeaa Of the virtue of fonable impiBgetaeat in pr«v 
I motlng and aoealwating oomboitioD, nuntorous eumples 
j occur iu ordinary practica, So it is that the ordinary 
bellows blow up a boaae-fire; and if the uppw fnmt of 
th« iirejiljwn' lie el<i;*e»i with li .■(bi'yt nf jiayicr, direct tho 
draii thri^ugh tJjc nbs Ufion tlio Jucl and ctimliu.iiibJe 
gnsos, the air-currents so deUected and forcibly i!i>pjiiL,'fil 
ufxm them, consume the psa^ and prevent sinokii. Tlio 
crmlniL'ted ikeck of tlje i;lii.t.i tulif ■. f u i:ii-:!rTaU>r lamp, 
adjuhte--! so as to iiiipiiiL,'-! tin* .-tiLvri-imi^ nir within the 
tulie U(ni:i th;? uji[K-r j.iirl uf lie* !liiiiie, inrTWlscs its volume 
and Itri^'Iitiiess. In Mr. Bti.iitii-N ln'iler, the smoke-eon- 
suming prfK'es.s iii In .i ;;ri.vit <'\t.e:if lnu^.il nn the 5ai;ie 
principle 'jf iorciliLe in.pingonient i.f the iiir ami i^a^jt 
uiiiiijiesc eaeli ci'-IiiT. ivs tliey ri'll aij'uiriHt the tiretiles lUnl 
I ili.iiilir.n^nns- P.y Mr. t "lArk s [iniei^-^, t he ririlire . i;^ir:iUi-n 
is mnsiimmiiteil \T;thin the h ur w-nll^ nf im rinlin.-vry fire 
i (ox: — the inducted ourrenta sweep up the ;^its«s lunl 
f^rcihly mix with them, aiLil. if jiiiiioiijiiiily aTT',Ate,^eil, tliey 
may Iw thmw ii tori;i.tl.ei. aud iui llier inte^iuixed veith 

eiu-h ...tlier. 

Though, in the inrllrd n;" s-r.^iini imiiietinti, f.I.e '.feii'ii 
is treated «inip>ly ils u velnelo I'lr iiir, i'. imy he ri'ui.irke'l 
that tho ehurneter the «Sea(ii.wli«ri tiius sswHiititttd with 
air, is cnliivly cljn:it;t.l m its action on the tire, as com- 
pared witti pure Atenm. Its etfetii is invariably to brighten 
the fuel and intlauie the surfocv, so tliat active combustion 
uf the solid fuel iiroeerals above, i» well as below. The 
inductwl ciirxunts dash acrom the surfai», like lliuihing 
cones of Aanie, and the/ groove out the fiul tliat lie* in 
their way. Tin pndaatiaB of ataaai, abe^ ii bmxiMf 
increaseiL 

In practical working, it is not usually necessary to put 
the steam-jebi in action when the engine is at work, if 
the air-openings Im sallitiiuntly nnjnerous, as the aeUon 
of the blast alone draws a large siipiply of air through 
them into the firebox. At timee, however, when the fin; 
ia stirred, or fresh fuel added, while running, the j<!ts may 
be turned on with advantage, to prevent smoke ami 
perfect eombuili. 111. Hut the time at which the fiiU in- 
ducting power e,f thi? jets nf steam are iu demand, ia 
( immediately on tbo steam lieing shut oV. when the engine 
ia drawing up to a station or otherwise; Then, the bent 
in the firebox is fierce, and there is an oitensiTci dis- 
tillation of ix>mbu3tible gasKs which are discharginJ as 
snoke from tba ohimney, ualeea met and comiamed by 
tha todaated oarreata abova the fuel The intenaeneas of 
the h«at» of eounek aubaidia rapidly, aad the jito may ba 
modentad m daared, and OHrtiinnd in aeUen till fha 

Thw il baa baas Aawu im vhat direction a general 
■ololioa «f tha fivMam o^tlw •HiibMlian of eoal without 
■Mb* is ofdiMry loeoaoMreJaeOgw, k to ha aonght: — 
MBMly.by the eoaatraottm <f • nSdaDl amber of tn- 
bdar openingi throqgb dw tmlla of tha flrabos, nmtd 
a* tba laval aT tha iM,Biri aqimny^bRbatodi IhrtlM 
■dndaianafairaiTaraiadahiaatotheanrihefc TU^om 
t aw>VgpnBamiipmiiBt» mint tbra the biwtufaaHMi 
Tba IndrnwhtflTdriBto Uw toboB 
be regnUted by the use of elidei or dampen over the idr- 
openisgt. Bnt, by so Uniting tba mmbm-of ^r^penisg^ 
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and ooMequeDtly ihe sapply of u to prevent any 
■naUriiU exona of supply wbea the fire U in onlioary 
oondilion, tlie dampen may, perhaps, in pnctica, b« dJa- 
ptOMd wttb, without prejiuliae to the eeoDoray of fuel 
And, inannach a*, io onlinaiy looomolive- working, the 
il mMVoidab\y nlgwt to extremely rariooa changea: 
—did], far tOEKUfia, and gaa-erolving, when the blaat m 



biutible gasea, when the blaat is off; — ^it ia oTidcnt thnt 
the air-channels do not and cannot at all timca supply 
tb« n«[ai!Jt<< quantity of ur ibr perfecting the oomboilion, 
and with the r^i'iwitu velocity of impiti{^n«nt for aooele 
rating oombostiuri- Tlw diwiJcrutain niggeated by tluH 
dafioieocy, ia supplied, in what k obrioMljr Uw i iBlf iattt 
moat direct, and nuiat efiectiva uunir, Igr flM Blriliod «f 
itiMiMndnoted aiMNnranta. 



PHTSIOIOOT OF IHB BOILER :-HEAT-TIUP$, Smil. fa. 



CBAFTKK Xn. 

There i.s one principle of construction for the conaer- 
vulion nnd utilization of hoit, whicli luu Wn alinoat 
totally neglected in loonmotivo prsctico; and that is, 
the descending fla«. The hot products of combustion 
rise continuoosly on their way ft-om the fire grate to the 
oliimnay ; at no point do UMgr deaoend. Ite annexad 
Ftg; M iDialniitai fa ooillat tte MOM cfO* dna: it 




mwM* w^pw lb» MwtMlwl tottm i4»tt Wfc 

oommances at the lowmk poinlk the MkpM, aid 
np tlwnigh tin cata iBto tba MbtOE*; «p«wdlipn- 
owdi iato«lw tab« MaaMIfy to tha ■uikit.baKfl, 
Md tiMBWiipwwdtintotlwahiiiiHtrd. ir9ir,«Uiii 
• gnud mktab. Tlw hwk buI be tafpid: O* bob 
to be intcnapW^ nd drtniad nntfl tbeir 
nnfaH beet is ebMrbed thmngh tin besiiiig «u&oe; 
•dI «he Mil ftoai Oo tnpaiHt be «t tomit 
tiedile IwMl, iriMm the lower ead eoUir abNla gHH 
eloae ehoeid jn» off to tbe nbiiiwitf , imn^ the luper- 
fauambanl lail better atieto of gMM» to ddiTer their beat 
to tiio veter ia the iImq cuoraa of mbaorption. Thin prin- 
e^le of tbe d w w nding flue or baattrap U nppiieciated 
in aiaaj wieltai of fbrnaoe construction, and with ma- 
teriel edveatege in officieney ami ecunomy. It reveraea 
the ecmditicms of tbe existing lucumotiTc-boiler; in tlie 
latter, the hotter gnses naturally ascend, and are drawn 
off in preference to tlic colder gasee; in the foniier, the 
gasee of ooubustion are trapped at the luwoit Ivvel, draw- 
ing off the ooidor gnaas in pr«ft;r<;iic<$ to the hotter. The 
wparioiiiy of tbe lyBtem of tlift hunt-trap, or desoemling 
fln^ over the pravailing systtMn of the oontinuoinly as- 
eemdiog floe, u placed by the results of genernl practici; 
beyond the range of hj.'i ulation, iiu-.l il i< now ivr cn- 
ginoen to apply it in the bust manner to locomotives. 



The heat- trap i» partially einbodie<l in the vi-nt-Lian 
daiti]ier employRil bj-Ooocb, and applied against the i:n i» 
of (he tubca in tbo 9uioke-box. The damper i», m ordi- 
nary circumstance, allowed to bang freely over tbe tube- 
ends, Hiippin;; open and shut, in sympathy with tbe 
blast-pi[>c; ariJ, ia >io for om the flue-way through the 
upper tulira i.i litu» contiactod, the gases are driven to 
ilnd tlmr way through the lower tubes, aud the function 
of tliu tubes bvoeficially equalized. The same dittributive 
fuocUoo is partially discharged by ferules in tlte lobes at 
tbo amoke-box end ; as these, partially doxiug the i ^ 
from the tubes, send the hot gaae* to find their way i 
further dowiL This thoy do in eompariaoa with tbe opea 
Uibe-end«, adoptod in many aagiMa, in which ferulea an> 
diapeoaed with, and tbe amoko paaaea inely away. Tbe 
advantages of tbo clear tube ooneiat in tbe snperiur diaft 
so obtained, and tha greater fiwility forckauing the tnfaee; 
and it is curious to remark the dinet contrariety of prao- 
tiee. in tlie feruled utui bUaded tube, and tbe unferaled, 
uninterrupted tubv. Onv wanU a free droll, and a free 
circulation of heat tlirou};); tlio engine; another, having 
dtaila vanki to ooouamizi!. There ie ao dodbt that) bgr 
ft Jndieieai oonibination of deioila, •bondeiiee of dnl^ 
or, Mire properly, abundanoe of ateaai^ mnj be iiad, eon- 
eirtntly with the beat atteivanMiilB tsr tr^piag tbe 
beak Tbe priuapieof thaheaUx«ph«cbeea,webdiev«h 
oppBtd inaBothwfaB|,br|ii4aeH^<beAte9dMra 
iato tbe anieke-be*, and ledoeii^^ tbe be^ of tbe bleat- 
pipe^ On iMtttuti^ a dMendiiic emiBt ften the 1 



floe^obaa. 11iefaeMdtderitablefteB«Ue{faBba^bov^ 
ever, been aeeribed to tbe iaoneeed leMth efdiimugr, ia 



tegatfldBeei of the bet that tha power of the natonl 
Ml ie n eee ew d dmply by the b^ght of the top of the 

chimney above the fii^grata. 

Heat-trapa ore developed la inolber wagp Kr. 
Joeeph fieinn% In bie "oopiniiftaa boOer," bMiag oq^ 
oc o b emben ia the fintr walla of tha finboa^ prq^adad 
■ the witerepaoMt, end eBMttefliaaito. Berarel 
aiie tti i t e J ftr atatieBei7 
I doe, no donbt^ to tbe 
of the hot gaaea in the cope, ee well as to the 
in«reaae of surfiUM. 
Bat, the ointrivauivs we hava just referred to, aro 
rtidimontary and partial The principle of Uie heat-trap 
and descending flue remains to be fully develo|i«d, so iia 
to flixxl tlte entire beating surtjui.- witli beat as in a bath. 
TliU may bo done variously i }iy a d'.wnward extension 
of tliL' clviuinny, n.-^ iilrc?Kiiy referred to; but, more pcr- 
tectly, by the insertion of a diaphragm aaroas the amoke- 
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box. pAnllel to ito tid»vkto. iV^y iMed to Om tap 
•cui Mile», aud opMttrt ftt lomr«4|> miljri iir tiw aiit 
of tbcniioke towMditlttddaav. Th0fdwiM7«Mi|r 
be exten(]«(l, so M to mdImm* th* qrliadm wUMd fbt 
scope of Oh! ilnft, and aaperheat them.* TIm diafihngM 
woulil, of oourse, be noveaUe, to giv« a tom to t1i« Mmi. 
Tb« bath might be extended aXong th« buT«l, within ta 
oiitar nlMMth, whicli liiu already been don* in mnc fonn 
mctioe. Mr. C. W. WilliunB hat obtained 
roiuaikiiible eooDoniicftl r«aulu in tha man diaroagh 
Rlworplion of h«nt by baffling av —jwll tni g the anRnta 
of heated srnmm in tnbm. 

Thi' |irini-iiil<- i ilio .li.'uifniiirij; flui; « iln advantage- 
oiialy emljodiwi liv Hj- K-tI ot' Iitiinl.ninlii in hi* tuiiular 
marine boilers, in w!i:it Ur- eill^ "tlic KoiriOiiiiral Hent- 
tirap;" The tubes are ^rwigt-v-l vt^i UuUly in a Ujarober. 
and oontaiu water, the fire playing lurounit them; the 
beat- trap in an inverted brid^, indofiing the lint gaies 
and |iermittiii^' nrjly tUv. r>jlo:i; o; tlio smrikp t-> ncapo, 
T!i* r«»i!!t.s ':•( onrnTwralive triiili iii.-vk' af W'l rijwich 
ri<«-k_MirJ, in l.SU, with Lord DmiiliUKiM s L.:;ilor, kii I 
the tjriliuary k>o<jaiijtivo-boiler tbi " i" ti'"- d f tii:i-'iiie 
purpuHCM, allowed, aooording to tlir n:Ti.uii^. [ul li-lifl, 
Uiat, in efficifftiny and mnnmny, IhjnJoijuM s buli.-r m 
above 40 pi.T ixnit- Mi[:<r:iii'f t.:i tli.i- olliei'^.*' Of coup'c, 
we (|a<^o th^ reg'jlt^ n-? wr rciL/l ltii*iri, auiI ooly now refer 
to them in (^njlinuat:!:!:! o;' tin- aiilir:;«U-J valw 4f tlw 
"Haattntp" a(^pUed to looomotiTa-boilera. 



CHAPTER XIII. 

SAFBrV-VALVES. 

TIm ordinary diac-vnive, with a lover and spring- 
hal«i>0i% la not a natisCMstaiy job; banaiUB it ia not ai{mUe 
of leMing off steam of tatflm pnmm widi anffiniant 
ni||(Qty, to limit the exncMi of pratnirv within a modnmtv 
dtpaa. A lever M, at li»at, an imperfection : it binds fn^t 
at ona end, and jrioMa onfy at tha other end, (be ftuthert 
fivat thonlva; tU gnatartba lavwnft tha leneffinieotly 
dmithftTiifawaai On tlia Mnlnny. «ba kit tha lever- 
il9ik<li*aHmpiwiptiifh»Mliim.Md4lMlMistha p«r- 
wfaJM* exam tf pn—m Dinot-ooiion mtUy -nWm 
am tha InbI «r 4 aad, On ii M donli^ niU Hpanada 
tha lavMwalviek far laal iaiy. 

a^fMd «o nna^r flwMeU at tin oU clHa«r"iimli- 
noB* wMlgJfihm, vhioh, aat to oVrioa* «a loeonoliv»- 
boilai^ an Miimt <f Mtida^ in marina or stationary 
boiki% tha rdm adharing to tbair Mata, or fixinj; 
tkaaatlrai hf tha qiindla or one or more of the joints. 
tkatoA "■ncie nln," F^. S7, ia apbartcal; all the 
iMfaiapaTO batl-and-aiNbtt^topranotafrBadamoraation; 
and, to innire against eemihm and atidriog, tha ball ■ 



* Tbo Autlior did M expcrinM'iiUll) , La IHM. lUrortiiiii the cur* 
r^fit frora tha \ower hmlf a( tiio tub««, aiul oirryinic it *roiiOil anU 
twiov the rylindora, which w^r* Mup«ii<1i?d witltlii tho itiitokr-hox *. 
bat with (Ml »7 niifiarMit aivanlagst proboljljr bcaaw the cyliaiUn , 
lHd;nmoM^dari«alhini<t«malhah«t«awka^thaMMl»bMl i 
lMlg«ca|»d<iaibia<ldMrlMMMM1ii*lMMM(ar«lw«aMbt|HMd | 
■•If tlireuijh t)i« <>lf*r tutM. j 

i Uor aiilb-jritv ia a jwrnphlgt, r>ii ti< AnWigf ^ Aant i| 

jbm r«Mti^li7 A.U.JtHilaa,lML J 



of ipm-aMUl, nad tha aial «f him. If Ik* ImH wmn, 
it mayba tumd into n navpontitin. Tha itma friar 




ciple ia observed in Fenlon'a "double valve," with a 
doable spring -bahmce, in wliich the design is to pre> 
vent tlie danger of ovarf««iBlii^ the boiler. The two 
vatvas are placed under one I«v«r, with a sprini; at cAch 
and, and th«y are each the fulerum of the other ; so that 
whan the spring-balance is too lightly screwed down, the 
anparior power of the other spring blows off the st^in by 
one valve ; and if too heavily screwed or loaded, the other 
spring, of relatively inferior power, give* way, and the 

I other valve blows off The pr««en«e of the berl. sj rin^ 
is thtis a security again»t tamporiog with and living Diij 
valve ; being covered, of course, lock-nuttod, and padlocked. 

I The double vah-e is good in principle, having elasticity 
at both ends of the lever, partaking I' tiic clitiracler of a 
direct-action valve; and, laving a il.ni) exit, it jn rmita 
the aurplus steam to blow off faster than a aingte valvei 

I It a said to work aatisfactorily on stationary boilers. 
Tha ainilla valve has heen at work ou locomotive - hoiUra 
ibr aoBie yaars. 

I BailUe't £i^/«^-FaliM^TliiB is a large diiagt-Mtion 




Vfil vi", Fi/ is. loaded with n number of volnte-springs, 
to the rcf^uired |ire8s<ire, heiag distributed uniformly 
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■ixnind tb« c«ntn of Ute ialf% Am jebt mHw «f Oi* 
voltttM i« central and puaQd ta Hit «f dwnlM; 
tliA boarinj; U Oat, and tiMM it an qpiiid]% iinMW|wintljr 
BO link of jautiuiDg. Tliii nhm vw mtradaoid is 1804^ 
mod cmboiliea ttie doctriiw at d»«gt mUoh for attOj- 
valvw, worked out to veiy wide limita Mr. BaitUe haa 
deacribed the reaulta of oomparatiTe triab of an ordinaiy 
lever nafely-valve and bis diTvct-nction valve, on Ute same 
boiler; from which it appears tli >t tlie tdaU were ninde 
on • looomotive-boiler, having HUn square feet of healing 
•urfiuey The engine was not worked, and the draft wm 
created by a |-inch jet in the chimney, led throogh a 
small tube from tba boiler. The iwo a-iifety-valvea wen 
equally weighted, U> G4 Iba. per <K|Uiir>! inch, and oooipared 
with the nctuiil [>r«»urt: io ihe lioilrr, by uioaoa of a 
manometer; the iimaU vaho wai 31> inchus in diwiioter, 
Wi'i^'Lit'j I with tilt KHii.il li'vcrond spring-balance, and the [ 
large viilvu w.-Lr i:; iuuiits Jiajneter, weigbleJ with seven 
voluti- »;/rili^'-. a.1 in Ki:;. .'iS. Tin- l;ir^'<' ll.r mhuII ' 

valw-s wt-nt tl.ea jseit u.iwxtuiU-[\\ luvl thr \>\ Av-pipe 
.■rtirt. il in t 111' r:iitDDi-y ; the surplus steam -isl'sik-iI ttiroiiu'li 
t!'nj fi i>i Milvij m two sucwwsive trialn. ,'in'i it wa^ i'oar.d 
tli it nrnl.T tlm stimulus of tin; hh^l, tba jirtisur-.', 

with tlif hniiJl valve in actiuit, ru-.!- in I'ir.ir miniiti-.s troiii 
(it to lij.j Iba. ])er apara inch, t!ir::iJi,'h t! Ilw. [»ir incli. 
Tim viilv..! was in ■^mr.] Knli-r, 'iri'l row I'l luch from ltd 
.wilt; th<' i-\;»-r;:ninl WiL^ i iitorruptfii at ILfl., a'* lia^ 
pn-5i^un_i fiiritin-.n'il to riv. Witlj tl.e l^ii-go valvu iu | 
<u:tion, mii thi.- ';-l:v-t workt- i a.^ lj<:l'.ir,i, tin' prcsturo rose, j' 
in four uunati-n, iiuia tli V-f. tn 7ii ll^;, tniouf[h 12 lbs. | 
]jer wjUiae ji;ili; thi= liit; kfpt i;^^ t'ur half an hour 
longer, but (h« prv^iiiri^ rtici&med atalionaiy at 76 Ibe^ 
the valve havinj; risen I'l inch, salBiMat|7 WtflltoMcff 
lUl the steani that waa ^'enerittol. 

Thv oprning of the Urgi; valvo, inch, multiplied by 
th? circ'jnitVrenec. was 157 square inches area; add the 
ai tA of tli-j ;-incb btast-pif«, 196 Squora inch, and the I 
eiuu, I '7GG ^luare iudi, wo* the total area of escape. The || 
opening of the .miuiII valve, -/t inch high, wan only '942 'I 
aqnani inch; ami the total opening, with the jet, wok 
1138 square inch. Tbus the U>tjd ii|H;nin(; for escape 
with the small valve, was about two-thirds of the opening 
with the larger valve; and it is remarkable how small an 
anuyunt nf extra npening Kuffioed to set firee the whole of 
the steoin that wait generated. 

SiiiiMqMnUy, a trial was made, to aseertaio bow nuieh 
water the bailer was evaporatiDg dortng the triak The 

*~'~(r ntiimii ftr ■ iii iiilt fcimr tfc n nhi i ii Mnrina 

off at 76 Ibt. pnMHM tbnm^ the hip nlve; ud 
M eiiblo M of ««t«r «« n^mtid fa fht bMDV* 

The iwmha of these iiiaU an eombofatira of ibe 
AnllxK^ coiMMgn pMUM te UU, im. Aniluy 
JTogkMiMif^ W SM> iMhilriiihig Oa* Oa mm dino* 
tta acUai^ «r tta laa tha laving tba aim V f ! i ini| 
ia Oa inlf«L It is aat at all abviaoa, howam, that 
a IMaah diiwibaalin nlva ii battar tliao » wha oT 
aBHUaraiaa. On tha aaotnuy, it n«t pnUUa Uud 
• valia af, mf, onMavaalh tha an% or 4| inte dh. 
nwlir, flited tritlt a ringle volnta-spring, wnnld b« at - 

* K«ir the JMl^ttLll:^ri nii.i lUuitrif. i.iu< o: Fi iitui. i, uu.i iUiUi.-V 
Hititj-niiiraa, iLc Authur ui iniicbted ta a paper Oa Appii^nm ' 
V ytbtuprimft la «IU fl i ^ ni l i n i <f iaetmctim-Mtrt. hj JiMph || 
■dUSinsdatUielHtilntioaarCMIEafiiiauitSeaiiea liiU^ ' II 



laart aaadlr aAaant; aa Aa a t MP aftwaa a j i whub k a 
nvaaiB af tiia Mnapa, Is grtatar in impittiea to tiia 
ana. ia tlia anallar tiMa in tlia laigSK TIm mere «le- 
naataf BaaafvalTaiWijf doia aol^ ia fbal^ baor directly 
OBtbeqwatioo; Ibr.trbaiaaa Iks ana cf a 4Hix^ valvar 
or«alf»^]r>ial6aq«aiaiBaha%tha nMriai a m apaai^ 
of tha IUbA valves thro^ which the sseapiag ateam 
ana dtlivand. Iiad litik mta than 14 iub af ana, 
MdUm to disdMiga an tlM alaanvitlta aaiplMrna- 
aan «r H Uml per sqiaan indi: and if U aqaan indi 
of na^a^ar, i|inad awt iMtwasB t«» iHga i■rtMei^ ia 
sufficient in this easa^ U riwald also Bafiaa if eoUeetad 
into a smaller uaiuyaM; to glw l-SI aqaan indi ana 
of ocape^ a 4f ineh filva ilmiU apao ^ iaak; a tf-indt 
valve^ f inoli; n tt-ladi ^nifn, I iMh; and a iaak 
valve, I indL Any at thasa diamiliMni nwdd do equally 
well, with a spring of suitabla nqga aial ahaiitHy, bt 
discharging steam rapidly ; but it wmdd ha aapadjaot to 
adopt ft wmiinni aias, to insure agiituit .sticking in tha 
seat It is fnither to be observed, that, iu small siaes, 
tbt! araaller lite valve, tlie greater is the practical diffi- 
culty uf gelling » spring that slioll combine, in the 
ri-Hiiate dogrous, tin- numnil Hlreogtli and elasticity; 
n;iii possibly it was in coatcmplstioil of this difficulty, 
t'liit Mr. B*illiaadn(tadthaIai|adiauatK«ririaaaftt^« 

\ ikJve. 

l"n Ji.-r lUiy circumstaiu'i!?!, t!iiT>i .•.liuuM, m nil c-a.K«, bo 
nt iL'fti^t un<? lever wifcty -v^ilvt*-, tvttlj u fij>rltLi^-ljalAnoe 
witiiin LXinv..'nii.'nt murli nl'tlic rn^'innrniin, wiii> uatnniUy 
trial tliUi iat'tty-valv..' lit troiutal intervals, to sco tiuit all 
i.^ free. , 

lInicihorn't AtDiuVtr iV<i/«(j/- Viiitw.— This ingenious 
nli%Fi^Ml^diflaiafrom the ordiiiaiydiao^vibiBbaivg 

Tit. M. 




n»lllMlf» SsMlu SdHf VaiT^ 

annular, not cinnilor; — it itt n ring, with two oonoentrie 
e-jges for escape, not a disc, with one edge Thus, with a 
given diameter, tite extant of opaaiag for esoa|i«, in tha 
aonuhtf valve, way bana aiiy twha tivt of the dise-'Valvi^ 
whiUt the aurfiMse under (iressure, oompri^ in the annn- 
lor space betwaaa the ooocontric edgtsi, li neoeaaarily leaa 
than that of Um diaa-valtra; ao tfaott apoo the whole, with 
a giaan ana and lilt «f tlia amount of opanim 
fe tta dMniga «f ataaaih ianrf naahgnatiK m tlia 
aaanlar than In tha diae-ralTa. Tbht valve of aoana 
nqdM BBoh Ion haUiasHiewa load Oaa flia cOar. 
Tha ifnndla of the vslva is mads hoUow, and tha pU 
haariag ain tha botton of Oa aadsat thaa fonaad. tha 
nlvaiapland lB»aondittwa#aqiiilihiinai,and ia lk«a 
aadfrictioalaaiawoditag. AMwdfa^ ta lha rtaolti «f 
carefiil coapanti'V* trials on tha •ttaai4Mikr, it appaan 
that, ■hiiin. with the ordiaaiy aiitn->*ahr^ arith lavar, 
the pnHon rose 15 per cenL shove that at whieb the 
valna wan lat with th-:- nunalar nh% tha aarpln fm^" 
laradid notasqeed it ]><-r ««nt 
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The workjni; < f I'-'f u.'iiin'.ar valve, thus appears irj !« 
very superior if i)mt iif tJsi' hirgs ilirectriw-tion disc vaJve, 
»!iif.iniy •ifitrribc' I , ohoulil there Iw mi (tructini) ilifficully 
iu |iii;veDtin^ it from sticking to ila Mat, tlu> koaulur 
vnlrn w..;iiii doubt. ):« the mMt dBdmi idMir^iIn 
Uiat luw yet beeu produced 



OHAFTER XIV. 

Fekd-Wateb asu Stkajl 

Fenl-H'nUr. — TIip qimUty <>( thf w»t«r supplied to 
boilera has much influence on their » ttici-jni V Tlje w.i'.i y 
U seldom pnni: it ouinriionly holiln in .Husjwiuion niincnil, | 
vegetable, or animal nwtlers, which are precipitated and | 
dapoiitod upon the heating gtufaces of the boiler, impair- 
laf iti eTapontive power and economy, and destroying 
flw nHtnkl; or, if muddy in (soinpnHitioo, CMttiiig the 
mlcr to prime with the icteam, to the pl^imBm of the I 
working parta, and of the efficiency of the en(»in«. Cnl- 
oareuu.i depoaita are the most common in hwomotivv- 
boilen; in extreme caaea, they have bocii ■iHwr.ed to 
ahotien the duration of (ireboxes Ui a few mnith^. In \ 
Ireland, the contrasts afforded by tlm us-^ if hard wat«r j 
from calcareous soil/), and of soft water trmn bogpy *oila, j 
in neight)0«rin^ districts, are instructive ; for, wlu-miu the I 
hard water haa been known to terminato the useful vxist- 
•DMof the lireliox within three years, the boilers led with 
bnf^rBter have ha<l their iireboxes good for eight or nine II 
JMIK The injury iaflic<«d upon thaw paria of tb« 
■Mofaiiiaiy which work ainonett the at«ara raited from 
bkA mltr, a* th* Tifara^ friatom^ and gbncb^ ii alao oon- 
■danUt; Ibr g(il tml nnid ara eairiad ofBT in anipeiiamii, 

•Ik> k diiMk iMa of iMii pMac. 

lb lanm aodi dgioliaBah iha WBlir ahoald ba porifiad 
l)f <iThiiiI(mI III iiiwiliaiiiiiil aiiiiM. aiiMili^ Iw lliii iiitaiia 
arOialnpiBiliN. yorjthemwwlrf bIhimmI iiiqim- 
tii%tlMkii>«BivMMliBadi(fMi tmjTwtolj of water 
norii Iw mifymi and pMribid fcr indhidailfy, and 
«M 1» «Mnad out at ft aman ooat. 



Th'' jirni'tio' nf IjejitinT; t1-e l-;*'i-watcr by tin- w't-t-j 
attain Lh F.t;l) very far froiu Ix'inj; (jei.eraL Of it? cyrWi 
iniml a.;* ii:it.-i ;.- tbfre is lin ilwllbt wJintcvtr — 1/> llje 
i 'it<'nt III' ^- l .> JHT iviit- Jil. ioast^ A siin[ile nieuri.N nl" 
doiiii^ it IK n flt.'»iib.'n»t:ini. 

mciiyi — It fi]ipi?.irs tnim tht" inve-iti;,'atinti i nf I'rofeMr 
liaukiDC. iit'(il:is;,'ij«'. aiiil others, tluil th.' re'.ativo volume 
ul*-teriui in leH-i tliaii liiw i-ornuMnly lii>?n aagit^ie'l to it bv 
Pariil.i'ur and ntbept, ("i.llfjwiri;.' fti.j iawa of O ly F.iissac 
anil Marioltp. ami a? adopted in A'(./'n<y Mtichintn/ 
and TJai'i'.ry /,/>:'<. ,'i'i!'".'fH. i'lUubour K IaMis are, in fiict, 
wronf^; h- trc'it jii oiUiuiuy iit««ni m a permanent gax, 
tlioLi/b .11 i.i t .■ is saturated vufKiur. Itejjnault's cxperi- 
nieiilol ii4Veeti|.'jili.ius on tin- relative volume of steam of 
various preaauren, liavi- imt yvt boon |:.ui>li»hi.v], bo far iw 
th« Author w Bwariv ^li.nntinie, it i.i di-.!uciblo from the 
<loetriiio of the mech.inical iji|uivale:ire of heat, that steam 
at the ordinary pressure now mlopted in locomotive pnic- 
tioe, 130 UiK. per jquare inch, above the jitiii e|.liere, 
though usually supposed to have a nslativo v olume 210 
times the volume of the water at 6(r from wkieh it is 
p9necat«d, i« in fj«;t only 190 timi^ the volume of tlio 
initial water;— showing a rednctioa of 'M per cent in fact 
upon what was formerly aapposed. Of onurac, tba dia- 
ooTcry will not incur any extra exponditure of Ibel, iMt 
it will 10 fu explain tlto appuant priming of large pro- 
portiona flf water cstimat«d bjr meaiN of the nrdiiuurir 
tablr< of tha propertiM of ataaat to paw orar with tbo 
steam in many oaaai of aniiiiiiiy piMtiea. 

To convert steam into a perfact gas, it nniBl ba baited 
above tito temfwniluro due to the pteamra; ak 190 Um 
obora tha atiiuwphero, it reqnina KT addttMmd t«apim> 
tura. It is aeUblished that tha fidl lawnnm of advntlig* 
Iqr aKpaDinia.«orida« M oMr to kt* tt* idopitiMi 
of • poum at —iw r l mW i n ; mi li ii rt oM w h ni w m 
oidiMij ««i^ti umiM iliMr *'-g Kka an «ao» 
■anqr of 10 to n par ami. of aliMB, iAh tha pNMM i( 
tharamUyapjdiad SmaathiiigimiathediawistUlwaj' 
ftrboHMttvM^MdtlwogM U tiw niHt tn^oitat akqi 
ta MOBimiiitaf aqpaaM^ MKl to tba MlMUtaiUoa of aod 
IfareoluL 



OF THE ENGINE. 



OBAPnR I. 

BlElIU. 

K«toM.—Flatoaa have been mada in fttttMyofuvi^ 

and with TarioiB d^pve* «f refinanant, in oidir to WOriE 

and wear freely, criually, and durably. Expnima aham 
that they may be very mnefa Hmplified and oUMrwiia 
improred, withovt detenorating frmn their eCTectiveiiuBi: 
—that, whereas pktona of tiie type herstofbra prevalent, 
are compot<ed of from twelve to twenty-ibar or thirty 
pieces, — auy one of which is liable to beooiiM looae nod 
deran;^ the whole oonstrnction. — it i» found that a piifton 
may be nuide out of three or four piwxa, to work fiilly as 
well as the older an-t iii'''rc rlali^Tnt.*! pisfxm, to work 
longer, to require less frequent inspection, and lighter and 




itm ftaqotDt ngtim, Th«n m mtcmI yttj food and 
aimpla piaUmaamraA vorl^and Uh^ an oUafly cf two 

clnsees: — thoaa wbUtaM anda to dqiand on the admis- 
■amcf •tamrttUn tlM packing rings 
ftrthai 

ct a* cyTinder t« maloa » i 

piaton, :>ni! t1 which are derigMdbjr 
the elaetR'.'.y li the rings tbeoiNlvla to 

effect tlie Baino otycct The MmkttiM^ 
is pertiaju only conventional, Egr it leMM 
very ]>n>bable tliat steam from the cylin- 
der does find ita way beliind tha ring 
onder all ordinary circunutanctH KaiiiK 
bottom's pisUm, Fig. 60, is the most 
curious develojunent of the s<lf ai:tinK class of piston:— 
the Iwdy uf the piston being a plain casting in one piece. 
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BHOUBH uxxmorivsa 



Md Ult J/tMod omMiug of tm or more small rings of 
ilM «r Mm), ) Ml or A iaah iqiianb in one piece, out at 
OM plkMb Mi kt into HUiiig gmnw on the oiretuaJgr- 
MM «r tb« piitaL niaw liiiB* VMk Ibr moadN, xuM 

thoy ara womtlWMVkrMbmTCqiiaUtlg n xovnil. 4 very 
widely uaad daM «f (Mail, Mid On* which ^ivei. gener&l 

«f » nngte CMtfag, 
with a single cant- [ 
im pAcking ring 

i[nB| into » fjcoovtt 
turntd Ml th« rim, 

of wlitdj the pintun. 
Fig. 61, ndoplcd by 
Mr. P. Stirling, on 
tha Glasgow and 

m^, ii an 

•Mmple. Ihm ling k 1i ingli bj | took Uiick, made 
itMm-tigM irilh a foBgna aod ii*cMed to iiu> body of 
tbe pistuD, aud let lnU> iMl in iIm «llds of the ring, as 
ahown in the apiieiided pias. TUi piitou is UgUl aud 
aianlib aad it MpatiB to uait aU liU xvMiinBMla «r tiw 




or 



to dtpMid fer tliiir 





ntciun-tjgbtaaM OB tha 1 
tti« ring, Mr. WakaOald**, of tha Giaat BoaUMia and 
Woatera lUQwiqr oT Libnd, it a 
Rood example Hr. VilMiPt W tha 
Oxford, WoroHttr, aad Walvi*- 
liamptoa Baflwaf, imtrti • ibgle 



Volm-O^.— Ilia i 
of iiii]wttaiMe^ an thoai A laaao 
PotoafBot h e rh aiBi i awaJ g ot w 
tlMi; andaf Ib.Bawj DiH >mw of 
aiaiipir, appllad t» taUi «t 
tba Tiriaaii F«mdi]r, WaninffUw, 
and ilwlc^ im Ebta XXXI * on 
tha Tala «f Naatt tuk-anginei, and 
in Plate XXXIX* on tb« Dublin 
•ad 'Wleklow engines -, ami of Mr. 
Allan, of Perth, i]lu*lnt«d in its ap(iljc&(ioa to Alkn'a 
engine, Plate XL,* Mr. I)ub« ap|:Jiea but one eocentrie for 
eiusb valve, and operates it ibr expaiiaive-workiDg and re- 
versal by means of a system of inclined planus and wedges. 
Tliis motion i» found to work aatisfiu:torily. Ur. Allan's 
mution,— « modification of the liikk-molion, is fartb«r U> 
feytbadiignnariUcwtia linaai^ia. It 




7 



\ 



^T«i W T U» M'ft>M, br jLbtuular AQao. Pcnli. 



is called the " straistbt-Unk motion." the expanunu-link 
b^ng alraiglit., nud lu l mrM'.i .-u- usual; th-j i!x;;%>i-sinn- 
Uak and radius-link, tbo latter carrying tlie block or 



II 



d!«««, are bntli •iu-]>'nHi:'i by iiTvor-i nn '.hi- ?;ime trm 
^ltllV, ! invrjTjcly. so tiiftt, I'.r L-x|i;iu-ii\r' wiirkiii^ 
ii revcraal, the one is travelled upward and t)i« oibor 

TULB IT* tax manmrnon or auaw aTRAint unk^motioil 
aaauaaa faa na airaism or tsi ixfsuu;* akd notnwinBniav aiiLVtf* 
OahUtltrafVilMblSli^ JaMlhlia* a»dlal» Stwm-paru iach wide. KilHMSt-poMtt !■•'■>*• wUk. BtSMttioK) 
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Hatt l — The 



expsusna, ud cooiprewtoD of Hnuu an exprnMhl in jM^rwaUgv of uroks of |ii 
fed ^ lbs poMoii amrioK fruia Uw IxiSiiT^beaiu lowaida thi firnbaz. 
iaMd^r ioA 1^ ia tt»«riaBMif Usd, aud Oiniuaii of thi Port, 
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Wd Kimtiltanci.iti.ily — tLi-y liulli nmvi-, :u;cl n . .'t i .v h 
other hftlf-Wttv, «nit,the e.vtn-im! vi rti il ihi v-frueLt of 
••ju-h is only about hali' that wliii l; * i iM \.,: !is-,i;;ue<l to 
eith«r, if the otli«r vera hung frum a ^tjitionaiy centre, as 
lathe onluMfy liiik-iii>>tiiiu. Tlit* nj^Tompaiiving table. 
No. XI., showiagthe dlsLriliution oliuiined by Allan's mo- 
tion. aixY.nling to the proportion in Fig. 63, ahMn that its 
actiou in «|ually givi-l with ordinary linka 

A'yinVit'/Mdi.'ji f'ilfjinej. — ^Sinei! ibe ])u1'li:'nti.:iii of 
the Authors iJi'diHsions on thU Buhjivt, in K'iihr\r:/ 
Maehituny, in 1K52, wliioli w.is at thut tiim: itni»Tfo(_'tly 
Uadentocd in this country, it hiLi (?i.mrnaiiilixl great. 
•ttentioQ, and looomolive »tt)ck tjnti. rnily is id course of 
being correctly bnlaiictrd. Tli<i Vnotits of t-i'iililjnitiuii 
►bow theiiiwlves in innny ways, — L'liielly in <-r.in(.mv rjf 
fuel anil of n-pairs Tin' " ( ■:»r.'ito ' )iiLsn-n;,'iT .■n^'in,- on 
the Loudnn ari.i Sr.n'.'i -^^^^y'•■rIJ iuiil'.^;i\, im 1 i 'i.i1,mi.i> 
Wi-ight of ^(5 Ids. i witliin tlio iiui uT fu 'a ilnviog 

wliwl; the Autliur was allaWHi t.i a|i|ilv iv woi(;ht of 
186 111", in t'arSi wln^i I, to liiihin.v l.l.c n\'i[triii.\-itiiii; \>i\ti», 
and th'- Lij_'iii': r.v:i M. mm 1; nii.n' stfaihly atui freely with 
thiB nt!w LalmiNi wi i^'lil.'i m to take tlie iMaginemun by 
■nrpri.'xv — on tin ij-st .iuy ar>,.i tli^ .ilti-r.iti m, the engine 
oonsidvrnbly ovefKLoi the ato[>|iiiig Htationii. The oon- 
Kumption of fuel Tell n Ujk. |»ir mil«. The other pusenger- 
engines were e(|uilibntod with ainiihirly good results; 
•nd CO applying proper balanoe- weights to the outside- 
eyUader gDods-angines, the average renult of four of these 
•ngfaiM, showed that, before equilibration, the oonsnnip- 
tion of fiial was S7 Iba, per taUa, with an average train of 
twenly-eigtit waggoiM; mm! dUr equilibration, S3 lbs. jter 
nil*, with twenty-seven waggono. GenaimUy, ik to fouitd 
that a reduetion of 10 per cent, dwr iKfllnM hf tlM 
applinitioD of balance weighta.* 

Kinetic WAeeU. — In the "hMBe-fool" wheel-tyre of 
Mr. W. li. Adams, Fig. 64, the tyre to fiMmed with a deep 
internal rib abutting against the 
bee of the wheel, and a continu- 
ous hoop^pring of tempered steel 
onrlaj-ing a oontinoous hollow in 
tbt internal periphery of the tyre, 
on which the wheel rest*. The 
temd 00 1>y • cmUo 
jUMtyrtb 
i* nttintd hf % ikti ring 
■|nD(iBt»»9«m lliaiiMk, W 
tint iNMntiiic a» whtA tnm w»h 
|Miic«i^w«tlMrM»- "'-^^ 



nnuexed fii{uiii.> I'Kigx- (i.'i unJ (>l)), .sliow in secLioii the 
resjwctive wear of the tyra afVer running 45,000 inilcs in 




t»lte 



gMtag 
log m 

iiappwnii «i 

l«k«lM'lfiirtkIia»- 
I ft Mi of fbor flblid inaigli&-im 
, *ift«tiBdUine(er,WMllllMlirilh Sliffind- 
I tgrm to tautmeitd, and plMiel ante • 
~ HtOM AtthaaHMiin%»«»ar 
.af tIu«MM«iMtcr,iitn 
iaadilvittadaala 
r, and «aiB piaaad wider a litnllar carriage. The 

■•BteaiaferlvttaAndMlvOaf.''' Im; 




«HaiHasdi«t(ll«JMMM4f<A< Warttitg £sjxiuh, road at tba 

I of qTilF>|liisi<K»wWn, lH»*«ri.lliBales 




*T>w Wg. saOi<liiMy^m 

the siunu traina; and tlM|7 indicate that the S'^itl' l iMiii, 

tyres ou Bjjings, had worn on the trea<i cne-h.ilf li-tc^ than 
the Lowniot.r (.^niiuary tyrej*. Wheels on this ^\>tt:iiv 
Inive worketl .Hatij^factorily , nl.v), on the Klu^t^•^It ri>iintics 
linilway, f(»r upwartin of two years; tnnler i-aJTiA;jc«, 
break-vans, an'l coupled cn^jinei. The Ravint; ._'f iv rkine 
ctj-i'iif-eii. ::i thi, fitock and the loaJ, h\ ^ ^vy*.<_i;i m: 
wheels, ver»us rigid wheel*, would be uf un^ucaiiuuable 



GHAITER IL 
WoBKnro DutMn w mw tm AKHKiunaairt or Eko 



The working preaaure of the in<«t iveently de 
looontotivet vurien fniai \iO llm. to 140 Dm. [n-r square 
inch. Decided advsuitaj;» are found Ut atteml the em- 
ployment of such lii|;h pmuurex, in eounnmy and in llio 
devdopment of [wwor. In narrww-gaujje engines with 
iirado cylinders, the greatest available diameter of cylin- 
dcm, c<:)usistent with the of simple and diieet eoBnao- 
tioos about the framing and the gearing, u 16| inehea or 
17 inches; and the greatest length of stroke oonsistent 
with the most desirable dispoaition of the maehiuery and 
proportion of working part^ to 24 inches. For regular 
nain-line traffic, the smallwli diameter of wheels now 
adopted to aboot 5 feet tor goodi anginw, and the greoteai 
dJameter to 7 feet for paasenger-enginea. For high-q>eed 
goods-engines, 6-feet wheel* liave recently been eupl^ed. 
The inducement to the nae of laige wheels, originates 
partly in an impreauon tint wliaeb of ■mailer diameter do 
not bite so efficiently ai thcoa of larger aiae ; but whether 
or not the greater levetaga of the cylinder upon the 
■nudler wheels, and it* greater power of slipping them, haa 
anything to do with it^ gencnl experience, at all events, 
doea not oorrolMrate tba iwpretsioa Banking anginal, and 
othera with very low wliaalt» are fimnd to work wall up to 
the MMdnWB adlmtva poww ofdriving wheels general^. 

b wranga nent |iiaotiai, thn moat powerfiil namW' 
fHga gmda-aqglaM an aaida with IS-inali tgOnima, 
M iM. alnh% wd C4M wlwilib lit ogqd*i vttb 140 llNi 
Th a m ol t im) w w i I M patumi amiiwi hnti llm inw 
«f q1todti% Mid drifi^g wbMto; Vil 
egrUirimlSarie iwdMliiy SO or » bahaib ud «-M 
irhMi%pimilinpHBang»«ngiaM. It ia add, Immmw, 
tlirt tki 7-iH4 wliid giMB aun aaooiaial iwdte dwa 
thae^M. For 4MMda qrBadenk «U«h have fteOltiai 
far eolaqpnaatt it ia act feaad in pnctiea that thara 
to any IwMdl ftom airtra capacity of ^fiiadar, in gooda- 
angiMa, TIm ItMaelt qrlladir, tha M inofaaa atmln^ and 
tha S4M wlMd ftr mfat-Uaa giMMb.aaginei, a|ipear aa 
tlie resnH of a i pe fl K M i^ to ha the mcrtg m i r aUy sattofiio- 
tory and panount aat of diaaBdai^ takan in « 
tion with aaabvaiid pmnm {BthatoOir. 
goods^nginsB have aobeided into tha auna aat of dlmeo- 
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w7-ibatwlMditM«nplc7«d; •odUwoald 
tlMinildivdinmuioufgr 




VenrdMhi^of Utk 6-IM wlMib and IB-indiigr^ 
triad fiir |ood»«B|piit% «n4 am wM to 
I i fh ie n tl y ■MlAetary to wMfat fcr- 
thir trUi ia tk* tMM dintttoiL 

For faigh-apaed hoATy |iiiinn||,iii 1 1 liii f >ur<ooapled 
■ilwali of large dianuiter, m now fireiiuenilv preibcred to 
■ii^ whMla. In bU anr 4%MN«iMil pmiigir 
CBgtoM. Mr. Oooob MoplM dM Uad «teib. 
On th* oeul»l7, fc aKCaphd rix-whed enginw are, in 
finind prefeimblo to lix-eoaplcMl 
of tLeir gi-eat«r rimplicity, their 
gnater freedom of working, nn<l grcstter efficiency Id pro- 
portion to the whole driving waght, and their superior 
dnrabtUty and eeonomy in rejmin. Tbe inequality of 
tlie loads on three-oaupled sxIn, nnd the nncinal wear 
of the tyiea, reiluiv the wh<-el!( to une--|Ual lUauictfrs ; ami 
the UDilbrniity of mvoliitii.ti:- i-ril'.:iri-.-il t v th.^ ni.-Jnriis of 
the cou)jUn<; tikU, indu.x-i vicletit. itLriiitu^ u|.imi alt the 
parts of the inni'liiri'Ty '■.jrr-.tly imn'iTtKMl. ii.rreiwcs the 
working friction, even it tliu wlit-fU (Jo wear c<iuiJly, — 
lunl rc liiiv s the effective iv>wer of the engine. There is 
no ik uLt cliHt. when un rninne is now, or in firat^rate 
ordiT, tlji- fir.-'iivn triurtivi' t''T.>: of mx i'uii|ili»ii wliiwl.i 
und'ir tlif i^ii^'iuH i.-* wHin'tSin;.'; tl,an tli.iL of four- 

ooupk'.l wlifela; Init it w^-ir- ti^ it w ik.^, ii'\<] li*.-.-; id ' 
eiacl fittiiiu" iifiii [mrnlMiini of ]i.irLs uml th.i iiiu-rnai 
friction, wiih tin: n!:^iir].tiiii '■{ [.i«,r wi<-iifi itself, in- 
ereiKi's in th.; ',h;k' riiti liut siif wi-ur ninv In; repaired, 
of coots:-, 1 Oii vw^mt' ^\•sUir^■ll l'< '^"--^il 'iivit;i ; ur, with 
oonntatil nlti-titiu:i, it i:i.-iy lir- ni.'linr.iuncd in a hi;;h Dtate 
of rlT.i i.:n>:y 1 nml ('-hti' i.-i no dmilit. notwitltxtandini; the 
grniter cost of mamtL^nauce, that where the poods traffic 
ia hea\'y, — great loaiU and higli »i<eedi!,— and where the 
line is fnyt from quiclt curves, the six-eoupled engine niay 
be advantageously employc-d in preference to th« fiwr- 
conpled. The curvature of a railway it w niiniinl 
element in the queation of th« expodienoy of flKMinpled 
vmnu »ix-cou]ileil wheels; — the resistance on ac«irv« w 
much grealer than on a Btrai|^t line, and with aix 
wbaela coupled, it is decidedly grtaler than with only 
ftor wbeeU ooapled. To any one who haa observed the 
grinding of a ux-oo<ipted engine on • aiding, aitd the 
oompantive frvedora of four^oopled wheels, this must Iw 
obvioiiii, and it is domonstrated as the general pradica of 
lines of quick curvature. six-cnuplevl cngioea do not 
tahn heavier trains than four-ooupled, Aaao wlii igiy, the 
aKpWHaoa on the mom recently oonatraolad 1iani_ intih 
as have steep gradienb; but qiliek «MI*1%— potato deci- 
sively in the direction of four-oouplcd ta^km m lb* maat 
aervimaUa for goodi tatto. On tha tntnij, tin axpe- 
riaate of the old Uaaa^— ftr the noat part tai^ In 
Jiaat^aad tacarw. a d hi w fnaly to tha aia^pbd 
Hm aMtniiialitoa Ubml wttk hak two 
Soath-Waaton and the 
; «Iih iix-«oaplad fooda- 
i; aad daj an Baaa gmmMy hm fiwa ^vMr 



It maar to eoadudad gmnSij. that tta adoftloB «t 
aix-oovplid ar lMir*«on|^ aa^aai ftr gaaili tiaflb ia 
dafiamiiai u|m» tta ahaiaater of fta tooSe^ but priaoi^ 
yally apaa tlia aatfaiarinf dwaatoraffhaiailwaysaad 
ii aat to ba daoidad abilraol at|aiaaato 

Bmltrt. — The aathor haa oni&nniy adband to the 
jmalteaf aMli fcahoBea aa opposed to large boxes:— 
(hat la to to £nbo«a biga eno<^ for the proper 
eoaahaittflp of the aaadfld yianti^ of tad, bat not iaiger 
fbaa aaoMiji ia aBiar, ftat^ to liaat «ha ^nad aT tl« 
fiiel, and to iotanrify tfaa imaiNiHfaiai an aa to auito a 
high tempermtoM ia tta ftalna, aad a papottHmQy 

«r Ual; aaooHljv to ap- 
itolUaamaafaalMatk 
and hlty veaUae the beaifit of tb lafiHd hMtv and «> 
furthar aeatlaisliag tha ahNNptkn of boafc Itar.Hiaaot 
ba afaaarved, that the problem of th« aatira abaotpiloa of 
haat into the boiler, and tlte r«ducti«a of tba waato haat 
pasaed into tJte diimney, h» depemlent on qwcU pnpar- 
tioo% and not merely on the abatract quantity of heatiag 
9ar&0» It does not neooasarily follow, for example, that, 
because one boiler contains 10U stjuaj-e feet of lirebox 
healing aurtaee. and 120O 8i}Uare feet of tulw- surface, it i« 
more powerfid or mote elTieietit th iti another boiler with 
"■'t A^tiArr tVct in tliti firt'liox. an i 'i' -H t in tlio t-.ibcrt . 
tluit di;[»jU(iH vtrj' UiUth ou ihf dutaiia. lljf umj of iiiid- 
featliers or partitions is, no doubt, con ii.uivti t.> thi.i in i. 
but the i'J!ic'ii-ncv of M:rb <'!i-nii'nt,K in (li')..'inli!nt wty inai h 
on till.' wiiv f(ifv nr*: [ '1 •'■>{ With !\ t^ln^vc^^^' [i:irtition. 
the front coui[i\rti[it!it oon.'unicj 11 mueli liUj^er [irtijAji- 
lion of fuel tliiiu the lijrk one, — .i.! ji.u.li ils two or three 
tisiie^, - p(UJ?[»f«vinL; an o|fen Uy \nA\i ; ami tike con- 

o-ntr.ition > t' duty within niii' rnrijj^irlruent. luiving n 
stijtcric-r cviuir.iin-i of diati, ih <-ijiuv,ilrn^ in (vtV-^rt to the 
u»c of a smaller tireb x. W'ltli loi L'lti. liri.-.l |i,'ir;:tion. 
tlie drati ia th^- ^.nnc' in t"jth con]|irirtii.i;i.l-'i, out its ab- 
&orliLn'j ■itjriii.:-!'.4 tU'.; I titter aitu.itt- i tor jiai'liL-ij'Stini;; jo 
the benrtitJ* of niihiit^*il ht-at., iitjti, h«iiug t3irri«'d Iv th«! 
roof of the firoh,i\. trn- <-xt*-nt ot .^urfa^ie ii* grwitr-r tl.:i;i 
that of the transvoise )>artitiua. General cxp<T!cn'>i .■iliowii 
that iiartitious judicioualy inserted into iiretjoxes, 
incrviww tbe evaporative eflicicucy of the boili^n, partly 
by reducing the grate, and |arlly by incrawing the ab- 
sorbing surface of tbe tirebox ; and, conversely, that their 
removal from large boxes reduces the efficiency of tlie 
boiler, and incurs an extra consumption of fuel On the 
oontnryi partitions are geuEraliy trouUraiome and expen- 
sire in maintenance, imlma fiilly and <|ttickly rounded into 
the w.-ilis of the arebox. Ml practised by Mr Cudwortli. 
Upon the whok^ a oaotparathrofy amall, opaa &aboac, ia 
better tiiaa a Ivga Immc, whatbar nada slaia> ar paiti- 
tionei 

Tiib«t. — In recent practice, ganetally, taboi ara padiad 
cloaaly into the barreia; th e more the battar, it afptaw 
to be otHuidered; from 9M to 850 tabea ia a4hfMtbaita|, 
with t or I inch of daanuie» Tbia ia a pint ] 
bhuder;— 140 to 160 tabes 1( indi or t ) 

, [mparijripaatd afaii aad 10 to IS Atl ia liulfc, 
MOCAwand aonaen^arial, 
Ite datailad avidiaaa oa 
inportnt faaathai af boDar powar aad aSaiaa^, t&e 
AaiOm nte to Jteftany JfoflUaafy aad Aaihwiy £m»- 
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DIVISION II -AMERICAN LOCOMOTIVES 



Tiir tv.llou'ini; is not luUndM m • liwtita on the 1<ico- 
inotivc, but as fonnini; ancli a .wtlon of Railway Loco- 
motives as sbkll illuBtra'e tho cbief points of difierencie 
between Aiuerienn anrl Kii^luili practioe. Tlit! <1iwit«vi>.in 
oftlMgenernl j i ln 'if Ici, L'Mtuiuou to all engitici, Iiili Iicoq 
•n tlinrnu^hly |i«rfuniie<l liy Mr. Cliirk tbnt, in all caaaa 
VfKcre «u<;li princijilfst arwc, resuli-rs are referred to hit 
jmtiaii of the work. Thi^ it u beliarad, inakM tbe 
whole plan of tl»e present Tolnma nun ^jvuaetrioel, end 
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Mc iuknj of Asmamn looanolivM iranld l» fMkad 
■> orthodoi^ uklHi ft ctmmntti trift tb* aaqdioito of 
Offiwr Bma^ or IUhd*lpU% in IMM. He. ~ 
n H^pnirnHH uid, m tin* lua prmd. m 
He experinanted with itaam m a laotin power in 1771 
Is 1T87, ba fatantel ^••■tMa'nwB.'MMl HfplM to 
the l ugiulri i i i u at BnuNvlvank fer permiNhm to ran it 
witttiii tbai itaMk Tbe eom o itt ee. to whom Etbob' ap- 
plitiiiUoB HM ntafsd, heovd Urn patieiitly, bo^ oodgIihI- 
ing that be wa* uuens, refoaed all sacouragBQMDt Sevem- 
taen yean aftmraida^ in ISOi, having built * oteain 
dredging-inaobine in bia establialimenty a mile aatl a half 
from the water, Evanit fittvi] rude w>ieel« ao<l nxles under 
th* "scow," anil geared tbom to the internal pro[»slUn;; 
apparatus. By tliis arran^mcnt, he rendered the whole 
ailf-aiavilig, and he actually propelled the aiiiphiliimis 
nlon^ a crowded .street, to and iiitu the wulrr. Tlio 
launching gesir being removed, the rnachinn j.iit t-j iu 
ti^itiiiuite work, atid thU -.v.xs tlio l.>s'. ntt<irn]'l of Evans 
at Btvamdooinutiun. 

For what he did in ux(i.:uiiiti u iiu i :nh uc-.ify of .Mti-rini- 
locoinotivi-i, Olivi'r Kvum will Im always rt-iu r ' i vt 
a dwcrving pjon**fr t:i tlifir ilt-vflopint^nt, BiH iii.-^ Mu^ln 
practical deiii nstrati :ii [irnvcd i:i re tli.-in idrrjwly 
known of Murii'":)i's ^ttiuu-jrirn.ifiv', run twenty years 
before in En(;lani Ni r ;3 it juulijljlt tli..: J .nns'fuat 
had the aUghtest tiitluenu! iu liu: .-.iiK-..:i|Uijiii iiil iplion 
of steam on railriMwis. For, n<>lwitli-.t.in'li:i;; tl:i^ 
that HWiim WM mii;ii5wfully uwi 

imvin^ ■'. >vl iruinN uni notwithstanding thit tw ■ r.dlr >.-uU 
— the Qniiii y iii.l tJio Mauch Chunk — nvre iMinpli'letl ;n 
the Unite-il Suto in lh27, and th:it otlicr railrenvil.'i wero 
f.>in ;it"t-'nviirils Hiiilt, tlici fir«t Bie.n.i-l Mvi.ni.tive' e'ver rnn 
uijou 11 niilr.iiiil in t'l • UnitoJ .St-il'»= tiic " Li n. ' im- 
[•irt<--J by the ['el-nrnro nuj Umiiou Cimal Co'iiieiny, ua 
V.i'.f :l: ;iiiil run in Au/a-t ■ / that year. The f ,iece« 
of railway looomotivea in Kugliuid bml beooine well linawu 



in the United States, and by tlie beginning of 1830 the 
triumph of Steiih-en^n'ii "l{oc]£et"waiathomeaf ordinary 
i'e'tivet- .:iLi'iii :iiiiH:ig the railway |Hxj(et0n of the day. 

Tlie " 1.11111," alrcaily referred in, was OM of two looo- 
niuurest built at Stourbridge, Kngland, to the order Of 
Horatio Allen, now of Now York. Xhcjf had ttA 
two atraigbt flues in the hoiler, andmn of (baJblmnBid 
prior to tite " Kocicet" They did not provo IIIMlWllilllt 

In iS29, a Htisun-atrrlage with throe wbeele md tWO 
•tx>jnvli cvlindena woe built by William IX JaoMi^ of How 
Totk, and was run tbera oa aaroral nnnaiiioia. Mr. Janw' 
eonoectioa with nilway ai^jMa will be BW l tUiM B d pro- 
■ently; hat it nay bo ban lonaricod that bia ateoaa- 
eaniaga bad tmt eoeentric*, aed that iha vaivo of one 
iqrIuMler bad OM btlf-faMh faiiiott aaoh < 
tto (ttom into tbe other ^l^der. Tho i 
diaoha^ged thiongb » oontnoted pipo into the tiliuatf. 
Tbo UW of two oeceutriOR for each valve was patntlod fai 
tba ITaitod Slatai, January 17, 1839, by Moth M«nb 
it htmg. 

Eirly in 1830, an en^pne waa baiU ai tbo Wait Fbiat 
Foundiy, Nn Toiii, nate tha dfaaetioga ot lb. Adan 
HaU, (brtho SoatbOHainaBailrad. MopwtiMlBB«r 

iu perforniiuu>e are on I0eor4> notptiaf tbat it blew np 
ahorily alter Initig put In OM. Ib (he MHOO ywr • aiOOIld 
•QgiM ma built at the same place, for thOHUnoioaA 

In the beginning of 1H31, an eu^ne called fha "Do 
Witt ainbon" was built at tbe Wait Pont foundry, and 
in July of that year it wiua placed on the Mohawk and 

Hudson (now part of tho New Yoric Central) Kailri.iad. 
This machine had four wheels, all of 4J feet diameter, and 

cirniii-<:U:ii l y i ■iiipling rudi The cylinders were 5J inches 
in diaiivctcr, tbv etruks of pieton IC inches, and tbe con- 
nection waa made to 
the doulile-ci-anked 
axle of tlie front 
pair of ilriving 
wL-elli. Thelinili-T 
Wis iiiul'.ituliulf.r. 
the tii'it-a, nliout 
liiirlv in riuujL-jr, 

%\ere nf nij.|»el-, a 
fpmrter im li tljiek, 
5 feet luni,-, ,-in.l 4 
ir.cijL:^ ia cxtA^nmt 
diameter. Tlje annexed cut, L->i].ie'l fr.iiii a sketch in tbe 
WatU ' •jfO' .1 i.lu_;\'vinn at Haitf 'rd. i 'i.nn., reji.-eMHnl*! thin 
engirie. The welijlit nf tl.e t'li^iur wiw (nur ti.ris It 
carrieil I ut titiee of tlko auiiUl poeaen^r cars of that time 
nv. r tile rew] ; hot aloBa^ it wio Tui ot » ipaod of ibtty 

Iinlci" iiri h: nr. , 

fhi the HI. i.r Januarj", 1831, the president of the lial 
timore and Obio Railroad Company oQeiiMl 4000 dollar* 
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fv * luMMMlitw dT tans wtiglMt lAieh tbottld 
15 toni at IS mUm aa ^Mir «n k IwmL Tk 
«MtDtnim«DtlHMatt*aiMl; itnaatohMi*: 
«goflMl tofrtlMr, Av &rt brtirM OMdm in ordB to 
|Ms akiag omrTM of '400 feet zadim. Thai 
WHiiottoaaMd lOOpemditothaainaniMb. 
Slavic of Toric, Ftanqplfaiila, ptoAmd an aigta*^ in 
Jaa(blSSlt«tudiiUlllladallth«aoiMdiliBaK U had 



il to tauMnrit tba poww to tta 
irUA VM on a aliaft oonnaetad by tontlted wheda to tha 
alitor Similar oogiiiM, of ISj toM weight, are yetatvnilb 
la 183^ WiUanX JiwMa«onfli«td •» Ui taWbli^ 
iBMri^ in Oa «f Ktw TaAv ft loooaaottfia iaItBM te 
fballnltiiMfaaiidOldaBaflnad. ThaMlarvMvpri^ 
tlia qdindn 8 iiMhMb«i% and alMka of pirtm M iMliM, 
Hmm vara bar «lMNi%tliNtiB4iawtar; oaatMiraalf 
luiimul la iliiitim whiala lUi Hgina had lap-Talw 
and » ipadaa «f linkjaoUoii, with douUe ecoentrica. The 
&ifc«aa hit npw and employed M a nvtminggrv. In 
•etUag the eooentriex, it wm toand tfant the supprearion 
of the ateMn (klreody ueertaiDed as dae to the Inp-Talve) 
could Imi vnried by the new reversing apparatus, ssd with- 
out interfering with the effective H(lmi<ision or exb&iut. 
A greduated stop was then inunediately arTau|;;ed, and tiic 
ongine wne afterwards worked auox-vivcly at dilTcn-nt 
Wtia of expaoaian. The vitlv«->:litrdji wi-re nn t)>R top of 
tba ^lindi^nt, Uic ttcnm port:* 5 by 3 inchtw, exhaunt-ports 
5 by 1.) inches; lap of valvo j inch nn I'lich and. T\ic 
engine Imr'ml aiuhrai^itc coal, and st<iucn&i trebly, lie- 
{>JK this engine wiw sent to Baltimore, it was run for some 
time on tlie Harlem It&ilrood, when.' il worked sati-sfae- 
lorily. In IS33, it f irttitnlfd i<. 'lU: .li--iti:mli.in. l.nt, 
luxni r.^^cT liivinc; ln!.-u in p'^'iilar *;rv:ni. il ex 

p'.i'l' I. Ml Jmiii-^ alv> u[iplicil t.i II, . ii/i;ifl 1 ■'spark- 
jkrte.^Ci-!. .- u'; -.iliijil i-illy tir' liilllo iVM is ii- r,** iu \L-^ I'li .ill 
Ann'ri.-iin w.H.ti-t i:nnii^^ li.ti:oniiitiM;M. 

M^fhiiii \V. I'.:ild»jii, K-«i, i.f Pl.iliul.Oj.l.m, Htill .it ll..^ 
hi'^'i 'A' I'M'j of t[i;! mt...t •iii.v;(.jist'nl lirin.; ni tlji* Incc'ir.i'tivr; 
Ki;iiiuf;i<-tuiv, wiLs On; i\r\t t-i ititr>.iuce iiiCcj tlie L'nit-jd 
Ptad^s till- L"''K'n%l tVatr.irv'i o( tli..' ili.;:l-..iv i..! i:l;i.vl >if Ku;: 
lull vOijuiO}, ^ lie'. L-l.:.jii'. i upi'ti t!:i' l.i', i-rtiiiol iml M.iii 
Chester line, iiuini'.lmiclv 5nfit!i'>|ii> rit l-i tin' liinl of tlio 
"Rocket." Mr. Baldwin had l u;li, in 1 srtl , a w.irkinj; 
model of a loi'otnotive for I'ljiIo n lIu?.-_' jui. in Phila- 
delphia. This wa« placed on a circular Inuik, an i drew 
a c\r ciintaining five or -lii |>er*oiis at a tj:ii.! Tli.i iiands 
flocked to sec it, and ihe Pliiloilelphia anti «_«;nnantowii 
R»ilr<wl Coni'ji'iny u'a'. i: the liuilder an onlcr for an engino 
in isrij Tliia wiM tsjiiipleted in January, 1H33. It waa 
eiilSj.l tlitf OKI Tn>niiid>.-.s, ' and weighed A tons. In the 
suiiiiner of it was run U|ion the Uermantown Hoa^l 
at the rate of 02 raile-s an hour, — wveral penon* on the 
engine having carefully tiniol itv— Mnoog whom wm Dr. 
P«tt«-r«)n of the University of Virginia, The engine ran 
miles, in which were four vary short cnr%'as, in 3J minutes, 
or at a «peej of 4<) miles an boor. The whole Jierfurtuance 
was carefully chronicled iu the journals of the day. The 
valve-motion of this eujjiiie wiw obt*inod by a aiQglo fixed 
eccentrio for ouch cylinder, the extremity of the eccentric 
rod b«iog doable-forked, ao u to engage with either the 
np|itr or lower arm of a i«okinf4ihafi» aa in Oumi^ad'a 
at that tima in «• hi EnfhuuL la thi 



ffMMnl impoittOM «f lha 
aatioo to thaw dtaadf adtptad 
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tlM ootiula of dw miba-hai^ and, what 
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18» aid ISMb Ur. BaUwia haUt iva mgami hi 18S4, 
IbatoM; aindtelSS6kibc4r* Nmi|7<m 
biaii hidit at Ml «MiiUilinial» is 18d& 

Li 18W, CdL StqihM H. Leag^ oftto U. 
patonted wtoin iniiRmaMato in atiam-hMoowl 
Haroh, 1881, a charter w«a obtoinad fir tha < 

Steam -Carriage Companj," m4 tlMir 8nt 

bodying Lung's patoote, wiitaiKattha Phomlx Vawdiy. 
Kwaington, and pkoed on thayaweMtle and P 
Baemd, July 4^ 1S81 TUi ai^a liad not i 
haathtg asrlhoe, and oonaaqoaatly oonld not keep Half in 

In the meantliiMk nolwtthatandiiv tha anaoanfal nan- 
ner in which Stephenion'a eng^ waa woridag on the 
Mohawk and Hudaon, and Buiy'a ei^ne on the Petere- 

burg Road— boUi having been imported in IS3I— fa»- 
creaiwJ cffort'> w^ere diractad to the adaptation of the 
locomotive to the curvea of the new lines, and in d<»ng 
this tlie whole plan of the engbe was aometimea cfaan|;e<l. 
In the lirginning of 1832, Hnriktio Allen, of New York, 
had placi'd upon tlie Soutfi < ':\rii'.niii li iilrmi'l, a locomo- 
tive in wUicii till! LioiliT of a single tugiiiu might l)o sai'l 
t:' jiliLvd nil till) iiid-ipoo'Ii'iit running gear or cirria.-^es 
ul'tivfi nrdirnirv loi'iiniiiUvcow The whole m-tuhine iiail eight 
wlierl«, tw.i ]wiri being drivin^' wiin-ls and the othera 
grnall oarrv.riL^ \v}ji^4<i K!»/?h pair uf drivin;; wheels, to- 
l^'Htiit-r \vitli a ]':iir ut" onrrvin-^r wfi"t'U. wn.-. jil-vr.l u.-uUt 
a e'.fivelUnx IVaiUL'. which LVirri.:d the cnrris^ixindrng end 
of tlie IwiliT on a pivot and ";di' r'-'llors. The two pair* 
of driwui; wliK'U were under the central part of the 
^■n•„'in.^ th'' sin.-ill wl.i^'li lieinjf at the ends. Each driving 
axle li vi nni' .-ylin Iit » sth itii valve gear. By the end of 
ISn.l, f.sur ;.f tht"k' niiu'hinos had Uvn plar-il on the iiiiio 
ruilwiiv, lull (ii":r o.-w wai shortly aftcrwardfi aljandoueiL 

In AuLHist, isrii, un .-ti„'iu?: ind.?-,l the "Experiment" 
was phuT'l ii|Hiri the Mohawk ami Hudsjn Bailrood, 
having txi'n (he first ever made in An.erici, with fr.i:r 
swivelling cunyinjj whwN, «iih»ttintlally ai now useti 
under all Auieiican ■.xvi9oni.;iir onijin.T^^ This engine waa 
built al.s<i by Aihim llsll. of ili.i W.-vt Pnint Foundry. U 
hiui 9J-ineh eylindrri, I'l inch i-tioko oao pair of .'i feet 
di-iving wheels, and a fumiwii grate 5 feet long, designed 
to burn anthracite coaL The whole weight waa 1 5,000 Ibe, 

The " R tb-rrt Fulton," the first English ts»s.senger-engino 
ever run in thti I nited Slates, was built by R. Stephenson 
k Co, for the Mohawk and Huil»jn Co., and the di»wings 
which came with it WCrO date<I J uly *, the miichino 

being set up and running Within two monlh.s from that 
date. It ha.i li driving wfaociCt each -I feet in diameter, 
luiil coupled by r<xLi working tipon cranks outside of the 
wheels and frame. It had lO inch cylinders and l+-inch 
stroke, the cylinders lieing inside of the smokc-liox. The 
weight of the engine w«« 12.8*2 Ibe. It waa frwuiently 
run with its full train of pawcngers 25 miles an hour. 
In the winter of l.SSa-."?, this engine waa altered, and 
ohriiteDed tha "John BulL" It waa fitted with a trade, 
■iniikr to Um «Eiqp<rineBt»" the ohanea h»^ bwn 
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mule uoJer ilie directioil of tiw MI g iwr af tiM WMIHHmf. 

Mr. .loUu B. Jvi viii 

A truck fruDe, arrari)^ to swivel on two side piTota — 
the motion reaamblins that of a iiarallel rule — wa^ applied 
in S..-pt<'fnl«r, lb.32, to &ii Kti^liili engine, tlie "Herald," 
St tbat tini« jiut placed upon tlio Baltimore and 8u.«iu«- 
banna Railnwl. Tlw—rf tkitMWIBgW—KtOOIlHllillIld 
OcloUr ti, 1S32. 

In ISIJI. tlia ■'.John Bull, " iUrc*ly mflntioiiijid, wan re- 
built by Walter M't^iieen, and cnllfd the " Kix'h«!<ter. " 
The first a|i|>lloali>iii • f aLr-vcsacW U> Ijolh the forcing an 1 
auctiuu siJei of lue lucuruu-Jvc-punip is Ijelieve-i to h«»'o 
fie»>n ui:i it- iiL tl.ii tcii]-j. Mr. \l (^U".'ii bavins; taken [»r- 
tioiisof till! Htf li ■i.ptKjr i.ii 'j, ut tlin ' l>e WittCUnton" 
t<> form tliew ve-;-.' ' i lj 'irrnn;..'L'iu-:!at ttw inlNdlloed 
U now universal ]u V:u- t.':-iii eti^iue^. 

In June, tli.i - liUv '< lliirtk, ■ liuilt, I y I, u ■ >v 

Xorrift. whn -.vt^n- l.li-* ^.lrviv^lJi^ >.l " Ai:i:!riaiti SL*:iilri^ 
Cui rjUL^v <.!'iim .if.v," u-.x-i run n\vm thtt PliilaiU^lphia anti 
(-"oluuibiaaiid t.hi<rhii!iil>'l[thiii and Oormnntown Railroads 
Mi-Aeri. Lcing NorrU h vi uln.-'i'iy int'-rito l lijc- use of 1, 
four ei'centrira, althou^;|j. m h:vs liojn slj'iw:!, rli,.sL> wens 
(Ir^l. livil liv .l.uim-^ 111 I^.Tl, tli-j i;4riii;< ;ino ^ w.'.'. tlir>.<' 
]'XN>iju 't ivi'^i J' -'i_:tir-(l lur liuruiiij; iiaLluiuiitt' cu»aL Thebw j 
vv<)ro ( l.V'.v 1 en f.li"; IitKton and Pi^tvitlcnce Kiiilmail, hut 
arHhriu'iC'; lH_io^' u'i.uidont>i for wiHid, the rn^.nni'* weri' 
la.'I in uriitirtry | 

A? t'X!iiiif>le.i o; ilie |.._'rl'Tni!(U_'."-i nf en;;ii..rt duriii.,' tlj» i 
f«?w T.>':ir-< s.llisti.jiit.'[it 1.^311, t^vij ili^itfiMi-t ^ tiiiw li" l it-jiL 
Oim of PliiuciLi I'iivi--.' aiuull tUi^iuei, Willi ii|i: i_'lil li.ii'.<.'r, | 
cog-wheels, and U'urn .r.ui-ctioii, took nu r\i iirs;[iu truin | 
out of Bnltimori- Ao^'iisf I s,"'', rf wlnoU th-i imrticuhint 
Were iw fjlhiw, — rijKrt_* wi^ro -i\ |iiC'v^'ni,*t--r-'''iiLoheft con- 
taining 90 paA-•^en;^erH , thu it'uiu wita carried -^1 miles out 
and the .^une ilislauce hi iiue, — [Kirt of the way (for 4 luilia) 
up grades, varying' hetwiwn 32 ami .">7 feet per inilo, th« j 
B|>ee<i on ihme graih-* l.'i niiUw an boar, and for the 

whole trip each way, including' stopj. a fVaction over j 
13 niilet all hour. 

Tlie Kn^li-iih engine (Bury'n called the " Liver|mol," on 
tlw P«t«rKhur^' Puulwiiy, weighed IK'JHI ll«., ha.1 !»-inch | 
qrlindert,IHiochaiiitroko, four wheels. worki.'<l with HO lln 
of ateam, the lock-ralv8 blowing otf at (iO llitt. In the 
month of November, 1 K3.t, thin engine draw lifl«ea wag- 
g»n<i ami one paaaeng^r-i'oach iiX IS mile* an Uuar on a 
l><vel, anil went up a ^nide of 90 fttt pur inili' at fmm S 
{.'.; l') iiiIUmi an hour,- HtoppiqguidltMtiog on the (^ie 
The weight of gwHU and pn«8i<>n|<«n carried was S3, 620 lbs., 
of thecars, coach, and enffino, (17.500 Iba.; total, I.M ,ISO)bi., 
ur neatly 62^ tons of 2240 Ibe.j or 754 tooii of 2000 lU 

lu 182U, William Norm bought the iuten^t of his 
{lUUWv Col. Lung, and commenced what afterwards he- 
MIMMMoftlia Urgent looDWotive buililiug establiidiiuenta 
in tlie world, — in which 1 $0 eoiginn Imv« been faailt in 
fine year. Id oagquDutioa with Long. Nonis bad patantld 
— ^Daoauiber 1833-^lha me of the aafMnte expannein 
\ttn, wmldiig dinedy oa the bock of ths mun-vatrB, a 
IMvre hog (Aanruda pneervad Ht tlw Norrie enipiiea. 
In J«]y, ISiMk Nofiii had esmpiated an engine^ the 
" QeorK* WatUiigloa,'' tmbodyiag mnidmUo ndvaiitaa 
in propactiM^ u m ugi m mK and oMalnetieB <ipM pn- 
vtoos plans. This mglM wtiRbtd H390 Iba, and oa 
July 10^ IM6, tt dnw an ■MtioBal load of li>,tOO ll» 



opan inaine of SSAO feat tat iMtfO^ Mid iMng at tlw ttto 
of 369 f<wt iwr mile, or 1 in 14 Tho ttkt Of «pe«d Up (hb 

inc!io« waa 1 .1 \ miUa per boor, tha ran of MM ftak baliq; 
•coamplishoil iri i minattti 1 aaooad. Tha eombiaad gna- 
Tifyaod friction of tho wbob weight of 33,590 the. on tlia 
indine of 1 in 14 would be alroat 2tiOO lUi, which amount 
of adhanon waa nearly or quite one-tjiird of tlte entire 
weiglit on tlie drivioij wIimU. It u not now curtain, 
however, how far the weight of the bonder wan mode to 
lust upm the ilriven; esjwcially an in the ]iu1ilLilied ac- 
nuunt of the exploit, tJi« pre«iirv! of at«ani wan n-portetl 
an licin<; hut 60 Ibn, per wpiarr inch. Tl«i^ prR*«ure, ax- 
tirt*'-! u[Hir\ til-;' pi-t":i r.t* the engine in ip]i--^ti'ni, uri i 
tUiuuj^U tLe Jovi-rijjiB ut' it-i er,Mik and driving; win'vU, 
wtMild tje att ineajHible of rai'^in,; '>'{.. 'I'Hi I)h iiji uit iii'-litc- 
of t in H aa Would 'I Uin. lul:!l■^^t'll' 'it' rii-in^' uii ;i 
scalc-huam of oqunl |iTi,;tli fmm Ilic I'lilrnrii Smrx' tliat 
time there has btvn :\. iiliti jnal pni 't', h ■w.'vcr, tlmt tiie 
adhetjion of drivin',; wi.-lIi imil'-r ji.tTTin r-ir.-iini^tiri'.-j-i ii* 
oi;i5ision.tlly greut-r tlmu pvt'ii n;iii-t|iii : ut' tin? "-i'_:ht 
up'iii ilit'iii liut ill 1 Hr>*"i, [-upii iv t'ciif. .i.-! w 1^ iii'li .'(l liy 
tin- " t;i-ir/.- \Viln1iiiil:I.i:i, ' touk iht- i-ii,'iiiet-riu/ Morlii by 
st.inii, iiri.i w.is liiir.llv .-r-'lil<'il Tin- diri'i'lors of the 
Bir.'oiiighaio and (jiliju<-.-it<ir ll.ilwivy, ut' Kii'.;l:ind, hii-amo 
so convinced of the efli'_i-jri-'^' ur' t'l-- Nurni .■rtixiiii- n.; tf> 
order several for workiiii; the Licktiy Incline, where they 
(lerlbrineil ^un>:-i-.fi;Ilv until flirttwr impKMnHOant hiill 
1-enilcre-l tliciu .-lut ijii:il«.l 

The Niirii-^ i-lj_'!ii - I. ,-. rt-.Li 11'. till- L- iiiinif;i;'f|[i;'!ll of 

1S37, tnny li.- .b-i,Til«si .v f Jluws Tl;.- l-iik-r w.-is i.fthn 
dome pitti 1 11. known in England a> Kury'n 'i. il. r, ii^id 
us*! by him in liS30; the framing wai of (Int wrouj^lit- 
irnn liam . the driviu;.' axle had two iikside bearings, as in 
Bury 8 engines of Hotue years' earlier date. The cylinder* 
were placed outnidc of and fiintemnl to tlie lunoke box. as 
well as to the frame The engine was sui>port<!i I on utie 
pair of driving wheela— placi>l juM in front of ihu tt-i-lHi\ 
— ond by a awivelling, four-whoalod triuik, pl»i>"il under 
the tmioke-bux. The cuiitre of the truck lieing so much 
in advance of that of the leiuling wheel.t in the Knglish 
engiufts, Uiere was a considerably greater pnifmrtion of 
the weight placeil upon tlie driving wheels, while it was 
not unusii.^1 al«o to adjust tlte draw-bar so as to throw a 
(•ortion of the weight of the tender upon the bind end of 
the engine wfaan it wo-s drawing its kiad. The engine 
hail an aiivontage over other plaits in the use of fbnr 
Hxed eoceutrics, altlioogh tliMe enuld of cuune add 
nothing to tlie dyaaiaiad aOiKt The valvo-motkn wwt, 
nwrerlbelM*, alSeiaB!^ as the p ai fewmi i e ni «t tha amiaea 
fiiJIy attntod. 

The Baldwin engine of the same ]jeriud bad a eiinilar 
hoilar, and a aitnilar iHwiliou and fastening of the eylin- 
dan> The driving wheela were plmnsl bu'liiud the firelxjx, 
{haiHaaltnick being placed under tlie suiuke-bux. Hieoa 
aai^MO nui ateadily owing t<i tlieir estaaded wheel-baie; 
ahlwilt^ thagr did not hove the waigbt on drivanh and tiia 
eooMlMnt adhadva power of tha Noma anginM. Tlia 
ftamiqg waa of wood, oovtrad with Iran fkUm, and waa 
pboed ontrida of tho whotli, tlia driviog aitot iiaviag 
two biarini^ only. TiM<gpiiiidii%«lliioq^o«iiida«ril» 
•noko-boz, were plaoad ao aa to gin a oo wn ac ti att i t Wa 
of tha dririog iriiaala Tha ooudi was liinnad In tha 
[ diniivMl*>l>atiBiilMidof IbnaiagaoonqtModonfalaor 
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IwU muiiEi Um mixt was axtoaded through and fnsteneil 
in » waUMt nm «r hab on tbo iJriving vheel, — the 
journal for the bearing being 
a liimpio ctraigbt attul iimted 
iathacentTdrnvwoftiiewhee). 

The goida-lwr of the er<ia»- 
haad waa m aia^ hua^oaaX 

rod, MTTed to fill«pibeft«at 
BR b rt iw tti* cyUmlen 
and diivii^ whcdn, 
raqurring Mooneeling 
fod of ao men thu 
7 At* WogUi. Tba 




valve _ 

waa plaetd b i awth tka fco^ 
board, Um •eentriB nda ax- 
taodiiif iMekwaidi to (Untak- 
tog tbaft^ and the valv* rod* 

TlN|MiiB|aaf ftowaaginee hxl 
•aeli no fewer then Ave valv<-ji, 
tlirnt- belweeik Um pomp and 
luiler, and two between the 

pump and it* supply pipei 
The " Lovk« anil Caiuib Company," at Li^well, Ifasn- 
«iiiiaelt«, bod mana&ctaml locomotivea after Ste|ihi'nsfiii's 
ni(Kl«lii M atrly as 1834, and made few or no i.'Uuti^'i'^ up 
to MM) 

Tlie NorrU aijil RiiMwin i-npincw liiul lioth ilicir peculiar 
a<lv&ntn',.'t"i iiiiil ilcfrcU. Tho first, liiivjn;? it grt ^t |i;i if -ii 
tioa of » >-i;;tit (in the ilriving wheL'K mucli of it ( Vi i hun/, 
viiix ixiwcrl'ul but unste.iiiy anJ liarJ ou ihe r iil:i The 
last, haviryj it^ drivi^rs lieliiii'l, wns Mt«ii<Iv. Kuf, ;ii 
sutbrient n<lii-'Mi"ii, 'I wi> |n«ir« nf ilrivinf; '.vhrol-, in ail ii 
tton to ih*' tnj'k w.-r* a^-orilini^ly oiimWiinri in tue -4iijii? 
erj^.'iiiM l._v i'U-Uv.i k lf:ir7wii:i, i .f Philaijelphia, anil l!ie 
ei[i4ii^:/-lii-^' IcviT ii.Tuiin.:-jil In'tn-een llie spring The 
tii'w <Tii; 'i" lliB ■ 'r.nv:iii \ Marx," mu\ [iIirinI on tl>u 
lii_'!iil]n',; liiiiir-ijiil. iii .j!i:ui;iry. KS4tl. Norris at onoe 
adoj'lf'i tlir' i Mivlcl ilr.vv'T^s willi fi^ualieinc; spring-li'Vera, 
ari i -.vitli tl:i' ^'vamlo i-xpun^iMi \-:iWv nn-i otiwr fxaturia 
ttlriM :y fiiili'.;n-.i ici tii-i pLiiiH , li;_i •jii/iti- vt' l^^|f-*Gluay 
t-sKi-n fi.^ tliL' HCiiii iiiril ty|t«* ul" Aiuttriiritu l')i%wiiotivc, ti> 
"wlii:.:! MtiitT lji:^^Lit_'i- i;::niii.illy appr(»xiiiiJiUHl. 

iu i ttii, Hiiilili'v \ Urury. of Bonton, bi\>uf;ht out an 
oulsiild •■:itihi-. l/-.l i ii,.'in<!, with the cylinders entii«ly ile- 
tw:hrsl frnin the siucikc-hox and bi^iler, and »up|K>rLeil ntily 
in a double frame, one bar H«*rvin^ t^i carry thn |xiilc3jta1« 
or axIe-cuuriN of the iiisidi- Imiriii^ of tJia whoel», the 
other being plmxiJ ont-sidc simply to carry tlw cylinder, 
rockiog-Bbaft, and pump, and to eerve a* a giiani for tln^ 
engina Thia doee of engiae wee built for several years 
and the iKtnhliihiMB^ «nee grown uto tba Boaton Lo- 
coiuoiire Works," bee beeoM the higeet e( Ito kmd te 

l>ew England 

Krom ]Hi2 forwnni, the Philedel|i]ito bvOden buiH eix 
and eight coupled wbn:! engine*. 

Ib W9, Kms Wlnetn, of Baitimoreh piodaoed eouie nn 
e pi e ii we «t leewtottve ei^toaeriiiK, dieigBed tat (be 
taifie «r the WMtoni Beilndl «r 



The cylimltm were onteidti and level, vritb a long 8tioke 
of piston, wbicb connected to a crank on a shaft gaireil 
by toothed wlieeb to anotlter Intermediate ^afi. which 
in ita (urn, by cnnki, oonoeoted to two pain of driving 
wheel* under each end of the eogiae, or eight whaela ia 
alL The boiler we* a|iriglit« nboat 5 feet to diunelMV 
and derifBed to bvrn anthracite ooal Tbeae eogtom warn 
known aa "onto^" end were but for a abort tinta to wm. 

In ISH a* ttondMMti Ur. Winaaa braoglit ont kk 
pwient |dMi «f hwdta-e mU ne. whidi k, m Awboh^ Ui» 
noet peeiiliar eagliia to ma to tlw Unitod Slatea. Tht 
wbtoliv all Mnplad, ara hoi 43 toiket te diaaMtaf; cHk 
with ehiUad riH and elMtafad witUn • dktanoahatwaan 
extnoM emtraa of bat 11 feat t todw. Tlw tjUmim 
iuele««l,(heeoiiMotiaaaaWdeafUiawheela TfceftMM 
extoadi haekwarda oalj to IIm ilnboBs tiM flnhox itoeIC 
vUeh ii 7i fcettom, wtwidi beofcwerd vneapported lave 
byit*feirtMdagto(lMtaimil«rtl»lMflir. Thafoot-pfaUe 
for the fimam Ja on lha tondw,— On oi^aHMUi ridet am 
th« tupof thahailw', jmt baktodtiheditouMj. niavalv*- 
inotioK li • itogln lap wiva, wwlnd at plaMUn aHlnr bj 
MDHitrie at toll •taoln or by an abrupt oam-aiotian, ad> 
jtwM to lUpfniOei tt* etntm at half Ktroke. In every 
delwl of eiMMtraelbni tbo engine is alike peculiar, and in 
the ntjY>ngit!3t poMible oontnat with the proportion^ ar- 
tan<,i'itieiit, and workmonahip of the etandani Ameiiean 
enginc- 

In 19t6, SGptimus Norria designed the ten-wheel ea^Qe, 
■inae conaidembly naed ; and in January, 1847. tb* filM 
one waa plaeed on the Keia<iing lUilrLKul. 

Iti IS4!), Kogers, Ketclnmi, (iri»venor, who had ooiii- 
ireiircii luiihlini; liie<>iriotive-s iti early ai INH", took n dc- 
fidrti lend -.n til'.' i," Tii r il ]irii|i"rti ins SU'I arrangement of 
the loc>ms4ive, nul tiif fctyli' cMtiil'liHSe'l !>y them iu 1 HJ'l 
liccamr the iiioHt |i<i|iular, ami jt k.^- ili-' in iinitat-"! 
of any in the i?i>iinlTy. Tlie ""eii' -i- m'.';ul«jr '4' liu- lli-tii. 
1 iji.:iiiis ItiigerN. niA\- ^-" f.-iiTiv- sjiiil t:» hnvr 'lone more for 
t-li'- ui'Mlerji Ais)eriir.ui I'l'miiMtive than mm* of hf* r\>tem- 
pomrii-*. Ill A ii'.'i i'n tij'' ■'t iii'liirij w • 'i-lniriiiiv •■njjinc 
of t'>-day fs?iui i^ i.r'.''-i-H.-lv ^v iieie lie liu'l tiriiui;li: it in 
1»52, aii'i wli'Ti- l.i- i'-l'i il •it hi> death iu 1 "i''"! His in- 
thienee tlms etrotij-ly i-vtims.-iI miii iiul ll.iit "I" uri^'inal 
invention, hut of sh ih.'I j nj/Tin i — n ].riii'!;i':i' ,i|i[iiHr.ii 
tion of what was I" -1 U'/ iill tri - 'liv 'r.r iiet«il» of 
con-tTin".;'i:i «!iiih il'- li i'i t"iirj'i iu [!!'• fiiiii'nt practtoi 
or whiCIi ar.ise in i.:-' 'usti i-tfuti t' f j;n|'fj\eMiK'nt 

Mr. B'i',.'c'-:' tl;'- lil>t ill Auiei-.i'it t'.i ;vlL'|'t :U|.i t" 

entablish, tiy i^'ioption on Itie large .vjilt* ot' in-: a i'lin 
ueaK, the present ]iropi.irti«n of boiler It .;i :ii l yliJnh r, 
He enlarged the grat« area ami hostuig surtiicB iilH'rnlly. 
He wiu the Ilr.tt to estAhlUh the <>'fe«t wlie«l iu general 
n.-w for ex]in*H.s |»A.t'*«!n[^er-riigine-s. He wils the limt t^i 
luiopt the present fonn of boiler, the elevatesi crown of 
Hrelpox. the mundeil corners and double dom«s. He o«t*l>- 
linheil the liuk-niotion ns a htaodard element, making it 
in its atljtutineiitx ).u)«rior U> any other valve-motion, and 
to workiuannhip one of tlie beat pointA in the American 
engine. Ue adhered to the oatside connection, and placed 
the <<y linden horizontally in all hia engines ; he improved 
on the previou* cylinder-fastening, making it botb Ughtar 
andatronger. He wa« the 6rsi in .America Vi inaiatopan 
and to pnctise tba oomttar-babuicing of Uie entira nai- 
parte; tha Ifaat to tkmagfalj pralaet Um 
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qrlindera ami i-«lvc c)i«t<< from i.i i:;ii ii ri Tbo >preai)- 
truck, with luntre-bcnriug, w«s evUliitstaJ, in 't* nwt 
a)ili>xivt'il form, ii. ilj. ilt.jrrn engine. Th- . xi. ms i i.i- 
linioo, now used iu all Aiiwrieinn eniine* fur fci t ni] / the 
lioiler, wiia brouj;l)t out by Ro^feM To rvc] itu ul.^ ,11 
til* iiii[iruv«il |Kiii)U of the i-urn-nl |)r»ctii.> '"-i\»y, 
whioli luki their tirst <leveIo|irueul in thi IJn -. i - iipiii-si, 
woulil be K Icngtliy task. The gtmiTitl style iiilh:'.««l by 
liiiii. incluJing liotli jirojiortidn ami woikiimn-l , :;lJ 
which by general iulo)>li»n on tie part <if othtT boilderti 
hai beoxriiK the stAmlard un^lue of to-tUy. hus |irov«J 
itaeif in «11 (Nurtu of the ooiuitrjr m lh« most etttdeoe. 



CHAFTBR IL 

Hmmucu. PRooittiCi or THK LooowmvB— 

((JoiitMIIII'r/.) 

It haa been aaen that while, up to I8j0, thrrv hs/l bi.<«n 
a<)oipteiI many dfetiinilar patt«nu, tbtn baa bam giwiK 
on, aiiMe that perifl, a stcuuly aHxiinjlatiiM of ityla. At 
the prownt time there U one well reo5<;- 
tiizcd btaO'lnrd of lfjcf>m<i4iv«.% not only for 
11 single clofM uf trufltc, but indeed I'jr 
tieoriy all clsiweii. This is tlie muven- 
ti«ti«l «iglil- whwliMl i-ngine, with four 
driven) and a tnivk franK". And in niwt 
of it* kudin^ dHoils, there ts an nlnuKt 
Kxiu't ii|pxwnn!nt in the practiire uf tiiv 
diiiian«t buiUatK Thiui, thaoiitddacon- 
iMctioa ii wi«HMljMb|ited ibr 
for the narrow gauge* (4 fbti 8( 
4 frwt 10 iiivheii, uod 5 Aat). Tbaayltib 
dan an plaosd nearly or quita ievfi, — 
tba tnuk wbeda beiiy tpimi %0 bm 
4iM lOinalm bi A fat $iiM!lw»lM(we«n 
««iiti«^ i» give tlta fcquind ma, ■■ wall 
M toawiliv MawiiMHiiinniiiiiig. The 
ftaniqgiiaalid, whareikinaibniMfljrrivatiMl tqgalfaar, — 
t]w ban lyiif ^ ^^^"^ ^ Mm, md the ax\»-gwirds oT 
paJeatatobatng mlded en. The fiaming n ulwavii singlis, 
ml ioiidia tlia irlMeJ». The spriiies of t ho driving whwb 
lueatwayaMiliinacted by e((uali;iiug leverji. exceptJni; iii«ix- 
IgilM)^ wliara ma pur of sprin;^ aro 

Ddapeirient. Jk» boOw bas vi^ry »eiieraily 
tba atUlK bdlig imn cqtmlly fmm eoeb. 
The abiftbg linkHKilidii b almiiBt entirely useti,— Una 
valveH being on Uia npper ndea at the ojriiiidai% amd 
workc*! thriMigh tJie itttcrvenUan of * roeker-abaft. The 
puntpti are. in ueartyallniaaii, "fnU-atrilEe/' being worked 
directly from the crom-heedjL Air-^hnmberB and nution- 
c)ianjL«rs are always |>rQvid«d tu secure a uteadier flow of 
wnt<^r niid U-i «aj«^ tho i^truin on the puuijc^ The crOM- 
liead and ffuide-lMirii arc alino ' i:ii\<-^ illy of one (Kilteru, 
which will t« abown ainonjj the il' 'i t rations of details 
The n-^'idator or throttle in alinoHt ii> the sinoke- 

\m>x. There arc ijwiiy.i (wo bliv)»-pi(W3i-^ *xceptinj; for 
coal burning oopines — one for each cylinder, nmt iIjl s z j. 
iweitinn, and fitting up of t^ctie pipes are quite peculiai- a-s 
compared witli Eiq^lish enpinas. 

There iu« aliw Ua« np|)eii«l«ges wliidk belong «xc]u*iveljr 



(" \i;i 'i jL-m iiL;;iiit-., - lip- iifiuse oroib^ tlw*'* 
the UilL, tii4! iifHuii-arrc«t4dr. &a 

The form and finish «f details ban aiHiwiialcj to an 
eijual de^ec. The Ixiiler liaa peiterally rec>^ive<l the high 
crown uf outer flrelwx, nn shown in the illuxtnttion, Fig «». 
The isili, doiiMw, "runninR-boanI,'' aad other luattent of 
external fiiiioli, an veiy much thn mmaoanwiit Aiuericait 
engines. The driving wheeN, oHincatily md^ bosei^ 
c}'linder-oovenn$[, Siv., ^nerally afjree in Cm. 

In .tize, while tbe boiler and ejrlittdon nr« varied to 
.luit liw vatk, tha wiieeb are lea* variable iu diameter. 
Hve feet is a common aiie of driving wheel for all clawea 
of work, although 5 J and <! feet are used to aniiie extent 
for pii^ngera, while perhn|M a few ongineii, in the whole 
country, have C^, 7, or H feet drivers, the latter aim blinff 
for Ik single (lair only. Heavy burdcn-cnpneav w>tb tlx. 
anil eii^ht coupled whraU, have driven of fiom 49 (O M> 
iuchcH dinHietor; two lailwa}^ thtt Baltinmn aai) Obloi, 
and the Reading, bm ailout 300 mtpum wttli wbtala 
bat is inches 

On AiuericM road* of oidiiiaiygmdieBtawidtnfli^ tbe 
(rinoiiMi dilihMm batwaoB tba pHMi^ Mid tbo gpoA 
) «ir« inebaa ia tlNiiaMtirihBdriving 




wbaeKaad aaannaaeir Inm 1 to i inch of imda kp i» 
the valve? of the gooda-engioe 

Titts experienoe, whieb b«a determined tl>e atudnnl 
pbm of Amerieaa engimib way b* it»t«dMiU)e««;— 
oompored wiUi Ba^Ub ntilwajra, the loada moved «o 
lieavy aad tbe penuMMat wny fa wwdt; ao^ too. the gnt- 
dianla >m long nod ataap^ and tlie enrrea aharp. llence. 
til* gnataat power miut be exerted witit the leaitt injury 
to ^ ttack. Tbua, iiwleed of a niut^le (loir of driving 
wbeehi, bearing oneduilf the wei<;ht of tbe eogioe, t««i 
pair* couplei] employ two-thirUii of the whole weight, 
with 33} per oaiit> lew weight OH • aiogle [Hiint of l-ciu-- 
inj{ uD the raiL Thus, a S4'ton Americau eogine has, 
■ay 16 tonn adbaaifB weigb^ with bet 4 tan* on Mjr on 
wlieeL 

The iiflioe of the truck is ap|iart>nt, in turning curveii of 
■hort nulii - «fben of (itiU fnel, while !>.5o Uxl ia a very 
onlinary nuliiM. The truck also, by it« four wIkwU^ diii- 
tribntcs tbo weight of the IbrH'ar l ei:d of the engine, aikd 
as its support is at i I nt .ir i of the centre of the Muoke 
l>'X. it throws mot*- lli.- w eight of the en^no apon the 
drivers than wouhl i v ilr f leading whoeK ; l.i/> il f«elitnd 
tj»e kutokv box. To reduce the friotJun «f "wivelling, and 



* 



U* AHEUOAlf 

to Uk« tlii> (reiplit ri]iuilly on CMh tri]«k-whe«l,tlMtnil&- 

frninc jri-iierali_v cnrriw its liMul on iU centre- 
To '<fr. i(L' 1 1,1' t'ull ptwcr of thti riijjiiu\ wlii*n r»*ijninNj. 
the vuhi=. tw.1' moikTiitcly »J>ort Up, — scldijin over i incli 
nt i.Twii eiid, ami g. ri> rii .y li it ) f inch, for a valve of +5- 
incli iriaxiiimm tliruw. Iliu-, tlic adminfion am be maile 

.^^rl.l: tM I'll i.-.'!lt. .A till full .-.tl^il-, uliil,- MTV (,;«• 

cn^MUr^ jm; niTivn^M-'I fir iin littli- lis :!U cfi:' ;Lilliil-.^i,>ti 
35 p»rr c»?nl, li^iti^ tlur in-iT't' usual (intiiiiiMr:i 

The outiiiiix-i'TUif 't/'il iri<:iiir fi i.- ti»k«n ilic |uiu.'L- uf 
inside connections, owiii;^' tu th-' ire<|uent and exjicnsivt? 
bIt^:lkJls^*^ of the ft aiik-iixl--'^ n! t!."* latter. The inv^^i- 
UirilieM <'f nia:i. atiil Int; ^t-litTiil Um' iif^uin 3. Nvhli li 
onr whci-1 WiL^ lift'-n Mjiiit-iil^' ari-<*-,t^i] \\)iilt5 all \\ rro 
.>ll{i[ 111^', ■ j'tTii*'-! I'l lir-iiik ■Tiitiks \crv nijirv. Tnis i« 
nvt as-ipTjr J .it> rlir? v.i-'l mij^'r-tant riMsjiii t':r t tn- jTovr- 
ence of 'luf-i'if ■Iirjt>jti*iri4. ;i[rti-,^i]^'|| it Im-, ijiuft' l|j;i:t 
ativt!:.:!;; fl^f. iinluivii tijiil ii.-fl'-: L-ii..-, iu ll.i- ruili^i 
Stilt.---. 

'1 lirr>' ill ri'j jiiicuhfuity in flf iii[v!iLt:i.ri u'' the enj^iue 
t'lt liur:iiri_' wood, iw c>5iii|iared witf tint f t l"irnin>r coke, 
e.XK'iitiii^' that the blast-pipeii ana BCiiitller, and that the 
cliimiiey iH arranged to arrest and retain the Hjiarlo. The 
liri'portioij.s of the boiler are the Musne ah are etiijilin-cd 
in Eofjlaud fv»r liiirniri<! poke; V)Ut iw Ameriejiri boilers 
are built of bom i to |*r-inch iron, and a» thin iron lit 
nted imtead of eoji[ier for fireboxes, the tubes are ahuu^it 
lUways of cnp|i«r, M tb«y M« SnumI tp retoaui tight b«tler 
than brn-vt inidcr (11 lb* CMltiagSIMie* «f rougfa MlUllg 
and hard work, 

A coDBiderable advMtlca il fiMiiid in tin- i : |<i dizin;^ 
tovm brtireen the »prlD^, esjvcially on roii,:;b roudii. 

OUfb^nn wliinrU are lue*! for eheii|ines4, and also for 
snothar Mhoo, in the i.tu<c of truck whit^U, aa in Hum 
the daagH of ebillcd iron ura not f> m|>i<ily <»it by tha 
Metimi oa corre*. In driving wheels, the eenti>s, or 
"spider," lor • $-fce( wheel to carry 4| tons, will weigh 
laaOpouiMbkiiiliiinnrdiL OoMmliutCMl-iRNiobillml 
lim an kigdjr vMiL 

FolUlNilwpimpaamfaiiMl to aaawar amir povpoae. 
wban «ir-vMMb IM provldMl «q both tlw ncMon au'l 
farciiig Mm. IInj iill mn^ nod wvik mUf, «• t* tha 
|HpeaMMljiinit» 

T» anpliqr inm of tha aidliariaa, and ta diitailMite 
atni man tha trtiihi m the raih, tnpnea with mx and 
ei^ht coupled wliadi iMm iMMk moah emplaned. 9«t 
very heavy tmflkv lika HM of aoahi ibA «a vaiy amn 
gnitiMiti, the tan-wlMiM engina, baviug tix diMag 
wtato Mid » traak-fiMnak baa oUaiMd tba pnftnnea 
om tU plan of ^ht coupled wheda, aad that of ax 
fl(Mplad«liaal^,irithMitfttnidE. Aa tn-whail pha ii 
pwfai»aa«a M giaii»oftbOB>W.flWllia.w«tfit--MJHI»Bia. 
being <m tiw ^nn^ of whieh 7500 Ihe, only are on each 
wheel.* Ptaatiea!l]ri there h n little variation of the 
Wtlght diltribwtod raipeotively by the separate pairs of 
wkacKM ao Mon than IB doe to the diflkamia 
af eoortiP'fcalaiieea and other attached peria im the whaals 
fhannelvei^ For lines oftfaarp curvature, tike six driving 
wbada of theee ettgioea are clostored cloeely tngether in 



* In the atat* of New Vork, iOOO Iba. an a tos- The uuns 
•laculard i> iwlo| te<t, t'l a gnatarorlaaiestnttiaelhw itataa. la 
■|.'nUiij;< <.r tlic oriijlit eiiglaa%inlaa% Niariaadifd af MOO Iba. 

2a to lia andontaod. — 2. C 



LOCOHOmBS. 

I fn^nt of the fijfhox. In some RLte'i, tl.i- liiuJ :ixli' luan-J 
iiumeiiiately beneath the grate of tlw Civbux. Jn oUtem, 

the i«ar a.'vie is i>ehiud thaCraboKi aad thoaaof tiMotfaar 

I drivinu wheeN forward. 

TIji- r-ix \\ ] t. l i.x>up]ed engini' haji been i:i-i:iii i- ■th nith 
ijisojc ahd ':^ut.^^ie cylindorji With inwti*- ryliniji-r-j, tiic 
tVont axle euul-i l>e carrie<i ct:^^ U]* to th'- Imck cviuider- 
luvt-r. Willi outiiilc eyrmilHrs, if tht!*.' W'-Tf iri.'lin-j4 nm- 
siilr-r ili v, l-i i.^liiiit l-li.: t'ri'at wlifi'is -.ui i. l'li.-.itli, tli.! 
niMii n WLv :rrcj5nliir. I ii- i.lic .itiitr hatiil, if tiie cylimiets 
u'.-:r Jt.'. i l. I bore wiis mui ':i in oveHiaii^in^ weight. 

Hi If . vt.TS" care wji.-i t-ik-tri to kt*ep the weii^Iit back; 
III.- I: :i(l HxU' -.v.-i- [i^ixo-i ■■li.j''y t-nlif liri-i- .x tnu middle 
:ix\-' M.!- [.■hi-,. ! ■.v.jU f .r'.v.ir i, tin: nrrlmx n: ^m.,.] .,i;^e 
[ I- wiif'l \v'itL \n'l..' w,-.t..'r - s[iulv^ . 1":ie ■ii'iho iiud 
|lUl^ljl^ \vrTr l't-lj.!Lil: tlie lr'>ljt tube ttiieet Was 

I phured 1 ..I k .-.r ii--la;ire iol-i tlie bari-el of the l»jtler, 

and the tyliudec projected beyond the ituoke-box, — yet for 
ail this the wcdgkit on thaTfipeotiva pain af whaab waa 

aa follows: — 

r.«»anl«kM)% ... -. ... ... ilfiMlba, 

tUiMlawlMdti 1407D p 

Bm^wImIb, ... IMM I. 

i" Total, .-.1,431 , 

'. 

I! From nil the experience u]jon American railwajTi, en- 
j^nv^ without tmcki are WQiiidered to strain the trade. 
In the above case, c9[icciiilly, with lOJ tons on the forward 
driving wheek, the track was iMuJIy Mniiiied, ami reliev- 
inj; wheels liave alrtady been introd«cc»J under the front 
end of the enj^ne. 

j Fifit I , il, ntid 3, Diagram-Plata L, abow the diqwa* 
tiona of wheel.'* of tlie three dattea of englaei almady 
notjoed. While npon this snbjnjt, the enmnpondinn ar- 
nqgeOMiit of other engines may bo rcfcrrc I to. of 

■ tlie flguiea, firom 4 to 'H) inclusive, of Dilgnuu- Plate I., 
icprcgent Aniei ioari ciiijinei, witiie of vhiob are in eou<i. 
deraUe use, although but few, if any, mon ure baiqg 
built 

fig. 4 «aa tba aRaagmmt of the origiBal 10|-ton 
NanitOBi^ T1imai«iiNabadmaratba»oiie4M]fa( 
Hiair on the dri*«n. 

Fi^ 9 ahows the avigiaBl BaUwin aagini,— much of 
the Utar "CwBiftan'* aljlaL. DeSdcnt m adbamn, at 
though viA tlia ImeknlnaM veiy eaaf on tiia trnok. 

Fig. &— J'mt. 4«ap{M)rted behind tlie flrebaz. 

Fig.7.—^!b» Aanrioao "Onunpton " engiua, hnilK ia MM 
by Nonja BNtbM%— S-fial driving wheaV, otx W4b«Ii 
|ltMk<«lMal% ayUadaia 18 iachea by 3i inohai. 

Fif. &— F^, 9 with * traA-ftama iaphea of tba tnU. 
ing wheda Baih by Wioaiii in 184B. 7-ftat vliaaii. 
j fi;/. !).— Uiiikley giwd»«i«|ia«h af from 1840 to 1818^ 
4 J feel wheeU, G reetceBtm. 

1(1.— KnUiwin goods engine, 3{ to 4 ibat «batl% 
7 feat <i inch ■) feet onntrai Date, IS4I. Still ImiH 
ooeaaioually. 

f;,j, 1 1.— H-iMwin t'<"J»tnsine, as above, exeept widar 
spreuil of wheyl..*. 

/'/';/. 1 i. — Rending Railroad bunteu-engino,— «ix464nait 
j driving; whoeU and one pair leading «bae]% 18x10 indt 

■ : cylindem, aU.ut II | f. i t rentrw. 

: ' i-'i--i':>i : i-^<Dglaa^ S| to 4 fat wbaela, 

U ll-fek to IS-feet oelillo^ 
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VATBBIALS lUPLOTBD IN 

Fig. 14— Bddwla foad^angiM^ m ibim, compttay 
gnalar ifinMi of wkxik 

J^IS.— Wiiuiis'lMird«i>-«9ig3o«^ iS^ididtinnbll ibei 
9 iadt mttm; 19 bp SS idcIi cyltadtm "Bum bnndnd 
or mn tn rannxa^ 

lIU-Btahhrin'i (Doib-aiigfaMk with Und driviaf 
•lie aadar flnfam. Aa ■ogiiw «f this pattani, ICxSS 

(Mb-MiAvtt 9M0 ton tf SOM at flvB iii3]m ■& tear 

<D>ImIi diirai^ tt-iadi traofc^wtab, ISxtt iaeli 

rig, la.— BJiwiB'ttoa-wlmlea eagineiiiritfc Iriaddri^w 

indMK 'Vbob wnght 9iJK»; Vm. on drivwa. ' 

TbU engine liu drawn MTtan(a( SOOO lbs.], in adJi- 
tton to it* own weigbt aad (hrt of toodar, up » gratlieot 
of 1 in 132 for nevenil inilai, 

Fi{t. 1<J.— The " CenUpftle" of WmMMb HUnilk driving | 
nti«els, fiMir 24-inrh truck -wbeeic, i^liadan St buina 
(liitiiH-ler and 28 inches itrolce. 

f,.j, SOi— PMMBger-looaiiMaTC li^ WiDiMa Swln- 

, ^Tiink-locomitivc by A. F. Smitlr. Sl fwt 
■ irivin.' n l i-r-K IGi teet centres, cylinders hj 16 ins. 
>'i > :;.■— An "iigiae fcwitat Bpriqgield, Mm M«ad- 

l&tt'Iy i:utuj li-'ur'-'l, 

Fifi. 2:».— Tank utigiiH', !•_>• Hiuif rlli. r,.i.k.-, ,t Co.. 
II b)' \i incb cy lindens ii-fvct wbci-ls, auJ [nur of 
W-indi Mtag wheab with swivelling track ander 
tank. 

Fi'l. -I- — K-i_-:ni' by Nii'i'Li lirnilitrs, for NVw York 
and Erit: lUilr'Siti, 7-l*:tt urjM-rs. ninri4"i'^inn mail© to 
back [wiw. 7'l'«t wIimN; lioiler but 'tir- Imll' l.ir.^' i riouxli- 
-.). — K:n;ir.n by Zi-rab r llitnn. t''i' I i.'i.iiv ir-i and 
Wf^LiiM );.i;:.-.jn(l, wli.xh. U.il-ji i ;V-j'. ;! inehea 

diniiretcr, with 1 1; :e>.'t t tiivbi.x i-\tiMi.bii_' s f-^t ill 

Wfiltll across tilt- trM.'k itt i',*ft i;nirii; HH -iituil'e* 

{eel of ^ruttf for aiitltrmuU: CiXiV T hm i-ntirnii.iis j^nvt*? luw 
»ini» beKii fuilber onliw^^fl, being nnv il t. ■ t long and 
71 fwt widi-— 4.5 f«t of arnii for au bSX2l indi 
Cjriindcr. 

/"b/. 2li. — SW M-!ic.-l combined engine of Boston imd 
Prnvidcnoa R It Iii'.ids connection. 

fir/. 27.— Kugine by Baldwiii, for Vennont Central 
Riiilnuul; "Cramptoa" p«tteni, «iiM|itiBg awivvUfaig 
track in frooti 

CHAPTER IIL 

Ukxauxa "Smruma nr Amucur Looomoiim. 

Out Iron. — The tuMagt fcr AwtariMii hcpniliw are 
'amllriMd**! thtdomiUeimk Hn iiHi«iw«f tha 
eoHBtqr an moitly eitlMr mafiMtie or baaaatitie. Thay 
■M iM^w ftttud in tiM coal ftmwtina, » «ir- 
auHtanaa aooMwIiat IkvomUa to tha ataHgth «f tb« 
nannfiietarad pcndaak Vben Iband within a inedenta 
dktMMN ftmi ooal, tlia Anancaa lion ia apt to eoatain 
aalpluir, aad IbMtoineliiwto ft nd^baciqiiali^. Ai^ 
aaaie ba]i»Iitbii to ba praMi in each (itwiMoiML avaBin 
Mdbdantiiiauilitita ta ft |wliiMikaacMll totb* ino 



AMBBICAN U)CiOMOTnnB& •«> 

when MeteBd,nd eft wrfag wd Jiiiilii iwlw i FboqikorMv 
bjr wUab tha imk II Nftdand aaU^bort^ il ilio mat with. 
Red-short and oaki-«lMrt iroM, mind in tha cnpolar 
Omaeib tmdta Mnttaliaa thair impnitiai and ta mate 
■ goodinin. Xvanttia ciebat ana laqniK mixing to pro- 
dooa tbo alrangMt Iran, and in vhed-fenndiiv aapaeialty, 
tlie .iVjoaiiaan faandaia jmf wf aanfiil attaBtion to 

uiixiug. 

Um A«iaieftn iieM «• mda aiOwr with diaiwal 
VBte ft tcU Uialt «t iriCh anlhnnia aoal and hot blast. 
Tha bait fnoa am invariali^ of tha fbimer manufwttire, 
vbiia dia latiir an aaparior ia atnngtk to tltv rnrietics 
made ■wiHt tiwrnrfain bitamtaoua coal or eoke. Tht- an 
thraoite irooa have a streogth of from 1fi,000toS2,s<i0 Ibi. 
to Ute square ineb. oocasionally rising to S9,000 lb«. 

Amon;; many Ainerioin founders, a wnsiderublw dcgrte 
of attention ii> being paid to secure the bj'jit ijimlitv .if 
pantiugB. This U obtained by niixin;;, by ki i jiin^ tli^- 
biiLsl liry— Ktinietitnes by [Muuing it ■ .-r nniri.itc of lime, 
which ftlwirln iti nioisture, and by luiiliin;; tbe ni'>utii.'< m 
smooth iw pr<wiblp, so that the <? i^-t:!!;^ ^bal] net rwniire to 
lose much of its surface-iron in tiiiUbiiig. The nii»t Im- 
fiortant <MAting8. as cylinders, are maile unmlly in loatii. 
while other caiitilipi rei|uiring graat stnrri^rth arc made 
rithrr fri'ti. ir:.ii, ^li_:btly bH:^..i in an iiir ri.riiiifc, or with 
a (nixtujf* i.f fr^'iu ten ti [iftefp. jut ccnl ct' \»-r.,:i^ht iron. 
I' r m1 i-'-U, fi..-.V(.vcr, till' bitter \iirii ti.-. i>{ in.n have t<x> 
ntucb Jibrink 't^i- - ottcti t:iri*o «i\t(-<Mti h.^ i.t' -ik'U in « 
foot 

The ca«tiii;^ ubilli 1 wheels iiri Mxt..ti-i\ c u 
iju.- biaii- Il I't' Auit:'r:i-.\ii ii\"Tj-J'iun'LiiTi;; 'I'b- bi:-t nij-Nfun-i 
i.r surb irnii.1 ikii are at baud, ur wlij.^h nun- jin.i'urod, 
ri.*t|inn' .ilb-u very protractiMl e.V|it'ji!ii;':iU ir.i ] i.iui b ^kill 
for tbiir ■;i;tonni!mti«>n. .An inm i... ri'i|i::n,:ii which in not 
only L-tiviin;, I lit wliii-li '■dull ' cvorily and shrink but 
liti 1.'. K'w il' ;uiy i-inu'le v.-iriotif^ cniilimi? tln'w .[iislilii-^. 

J .Son I- I'f t'ac .^lrtlH^'I•J^t il ln :. l! rLvtr. nlln nf 

incb |x>r foot. Tin- ' ^■lli!^ '[irudui^-tl t: v i'iur;:i^' th.- iron 
j while in fu«ioii into mi irin; in ' iil.l i sboiibl (u-ii"' niN' t/> 
the depth of about b:^lf fin in -b every wlw^rc on (tiexiirfivx! 
of the tJirjul of the wbef i. i\nd should blend wi'.b the <yo(t 
iron beyond il in such a manner as tn Icn'. .> no dtstin- 
guiahing line of wparation. 

To guard against the strain, ]in>duL«il by the nncx^ual 
: sliriuknge of the nave and rim of avit irtm wIulIs, h:Li 
been th«i MibjBCl of much ingenuity. The riai Ih-ihl; thin 
and being pournl agaiiut an iron mould. contmi.H-'i rapi lly 
! ujKwi the still fluid nave, which, in conling sul/spiiucntly, 
tend» to tear away from the rim. When all cast whedswom 
made with sfiokea, the navp was diviilc<l into 'bree .teira- 
rat« segiiwnlM, three slots or openings of ball in i-i- U in 
width each running through the whole length .■4nd tbick- 
tum After tbe wheel ha<l eonled, theae op«:ning* were 
lillad citbar with lead or with doweU of iron, and two 
atroag tmnght-iron bands were shrunk one U|>:>n each 
projecting end of tbe navcL Tbo eingia and double dine 
or ptale foruu being reapeetively adopted, tbene w. re vaH- 
Oniy waiped, aU'sys with the object nf aoroinmoHating 
Iha'plata to the strainit wfaicdi came ujmn it in cooling. 
nwai>lillliMlie>elsii II llil snlijii tn nf nniiii tbin more than 
ft hnndnd palcatii Mora laeently it has l«-eri xou^dd to 
aaolihavhaalaqpidljinallpaitft At WhiUay'a Wboel 
WotiUtin PUkdalphia,«hn«hailikaaaDanaatlicy bftT* 
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taken tlreir "kcI ' after jwrwg, «D'1 while tliey ai* yet 
rcd-bott lUi- taken nut of lln" fiivJif aiij tle[i<:i9tt«'l iii 
[lit* of lirieksifrk, pn-\ rmwly hc-Jitoii ml-bot; KUii wlmre, 
•11 MXHiMi ui' iiir Iving c\clu'!i>i. they are from ttinw to 
four il^>-< in r-wlint;. anil must neooHiiarily cool equally 
Ant i» 'ill I lie- Tills treatment so tlioruuglily |trovidc* 
n^^iti'l :iU iiitt-rnal stniii iu (lie wlmO, tltnt whil* an 
(^ni;ri.ii_\ hull 8jMake-wlie«^l )jn^n of it««lt' on bong 

oaotol ••tiiliii-nly in the hiku »ir. n whcrl from tlie name 
patltm, but oiiilt-il in till- " unnvnlin;; kilu5," did unc break 
evpn nl^i-'r a j-ineli liulo luid )>ceD drilled llirough the 
width of I'nch of five spokes, leaving only a tihn of irun 
of IwB than I inch tbickneaa on eadi aide of tbe hole. Il 
liad been auppoaed by many that tlie pncm of veiy (n- 
ilual cooling would injun if it ^ act dwtroy lb* dill. 
Tho result pnvaa that the ehill ictaiiH ita liaTiiwrn par 
featly. It ia believed that Ui« {leculinr nmngetnrnt of 
prmitHi, reoogniasd aa tlte citill, iwcun nt tli« inonK'nt the 
irnn ent«r<i the .lulid utatx, tlmt ik, un the "aet" of the 
casting, »nil Unit uu hent liclun- tluit point) MlMBqaAntly 
apgilied, c-iui draw the chill,— in tlta aaw " Tft^tT that 
rti-el, Imrdrucd to OM oolaw, wiU IWt lotS Mi iMOpOT at 
any lower haat. 

Driving wbaela of 8 ieat diMHMar an MeMfanaUy cast 
whole and treated aa aboT« daacribod. Tha aanal tiaw 
of chiliad whrala m SO and 93 indm far ta^Mm, aad 
ttaMlS6jwhwte«n. ttia»ddiHt«faUll«d wIm*I% 
thatbeyoodavlUUUtytfaayaiay Uuderaatobiaak- 
iBft 0*7 cmnoi «mI af amUy aqiul Amtku, nor 
alvtV* ptriheHlr cfaMlK H ihay OmoM to ba baiwl 
o«t teettMaOfy, or Aoold tha dull be HMqually hard 
and thnavaar iMtar in am phee IbM l i l ni rt wwt, nuidi 
harm will ewnu. The alill wU ahnya aoAan whate Uia 
vhad baa bean aUmrad to lOd^ and the break nan are 
■Inmijr oMtianBd agiiatt lodditg tha whecb with tha 
fareahs, aa, a flat pkoe oua fonaad in the etdU, tba wheel 
wiU always tnra to it vfaan tha hnalu aw ^ain applied, 
and will thw l» toon deatrayed Caat wbnK beaidea 
their<hMpttt%ocatingfantfr<'i!> f-.' lO'. to £a each (tlS 
totlS^lwn an adnata^, upun vi ry rough lineii, over 
vhaak with «i««|^t>iraii tgtiM, inaMnueh aa the Uttar 
an afamdad in the flaaditi^ aOan to mch an ext«nt that 
the wheel il led «fflballnBi HwhardnewnrtbociiUM 
flange raaiatatUa action qintoedbctually. The coat wti«el«, 
fi kiUhI by WUtney'a annealing ]irt>ce)u<, Iiava each a aiiigle 
plane diu:, atlfiened wiUi alnigfat rndinl ribs an liack. 
Their weii^M about 4(M) Ihs. for the :io ineh, nnd 4.10 11k 
Ibr the 93-inch wbeeU The other vurietirx Iikvc two 
(liao*, eonvex on tbeir outer sides, tlie na\e U'ing divided 
into two pOriiou^ nttacLed rc!i|>eelively to the <iii<cs. The 
usual service of these wheels U fmin .^(».(l<Mi to lOO.tKM) 
miles ran, and tlieir usiml liuol in two tons eaeh. 

Driving wheels, iilllKiUM;hiriLvt usunllyto receivewri.Uffht- 
iron tyi*H, requin; eon»idcmhlc core to pntvenl iv'nig 
strained in ci.<)lin>;_ Tli>-.f vhr, U ;i;> ihii ■<( ninny 

witli radial ^I^<)k^>^, Tl.i: navt nui^t U- wui.l, li. ri -t' tin- 
rim is quitt- commonly divide<l hy .•duU. into lljn. m'- 
>n«nt«, which, as t he nave oojiLrart'tj*, can <i?;iv,' r; "iinjiis 
fiieh other without «,trnin. Iu mji Ii whw'.s, th.. n iUi.ii-i 
Imlanccs niM wholo with the wliixl. — wn uL'lit irnn 
<;iav-;4.ire insi rlod in the ojieniti^ in tin v.:ii. iiul llf 
lyre then sLiunk on, which tlius binds the wboU firuilv 

tagsthar. 



llany of the ht^t i ;i*t-iron diiving wlieels are novr cast 
with liiillnw e[Hik>-.>; un<l winietiiiied even the ninin nave, 
and that of the mink pin nUi, ntf cured out hollow. In 
such ca«* the rim i» cnM, whole, the liiHtrihutiun of the 
' iron in the nave being relied on t'v eijnalini the .shrinkai.'ei 
In a few nutwny shojis, cast-iron work cxpiuM^l to we.nr 
ix K'ini,' ciow hanleiied, tlie prooeas lieiDg found not much 
niori.- dlDicult tlian tiiat of case-hardening wrought iron. 
Prnmiato of polash, aaltpcin?, ami mI amtuntiiac are |k>w- 
dcred, and mixed in equal fuirt^ The art icJr (u be liar- 
dened is made to talce a red heat in the lire, and ia then 
wall rolled in the above mixture, do an to )>e entirely 
covered by it. It is then, while yet h it. iil'icevl in a bath 
ooataining two uunc«a of pmiMBtc ot pottuih and four 
ounces of aal-amainnien in cvaqr gallon of eold water. 
When eoeled, the indnntiaB on the aurftoa will radrt 
a flic. 

Iu Beveral railway repair iihop^. broken oaxtin^, as 
rylindem, ale mended by fusing fienh metal upon thauHi 
If there arc cracks only iu the cjwtting, tbeee are opanad 
oot, by a drill, to channels of two indhaa widths aa aa to 
leave room for pouring in sofficieBi won to npair thw 
fanak. A weadan pattern ia then mada to tnUwapaea 
cotor hrokn out llron the cylinder. The easting iathao 
bedded in nnd. Marly to tha lowail poiat of (he fragtD>&. 
If thiaialaaiawiner tha i^^lindir, tha httar ia plaoad 
«■ ito aida, and iudinad a UttK n that ene end ahall ha 
laww than tha athar. An iron anppoit, aa n piioa Of 
bailer platok la pot Ihnwgh the (grUndar, heiow tha loereet 
ed^ of tha braak, and aU the apace between this support 
and tha wooden pattm ii niamad'cioiely with mnd. A 
flaafc il tibm anaagid to den vfcn ibe upper [lart of the 
tgrUBder.or that part above the nnd in which the eylinder 
is fiiat laid. In tbla eoaditioa, a ehareoal Are ii oMde 

within thi' cylinder, liclow the int<"rnal Ixidy of sandnjp- 
poiteU upon the piece of boiler |riat<.% The c^rlindaria 
tbua heated and oonaidarahly aspanded, and tUa heat 
aaaists (be melted iron, altiiwaida poured in, in ovnooai- 

I ing tiie tem|ierature of tha bNkan edp" «f the eaatin^ 
A anffident number of "mnnen" is left tbnwgh tlie 
flasit, above the cyliiwii-i V. 1.. required to 
fill the break would 1": pi'iliit; s :Ai |K>ugti|.s aa much aa 
I4O0 pounds are run continuously through tha nHmld. 
This flow of iron, going on suoxsmvely through the dif' 

I ferriit runners, fully unitot the new iron witii the oU 
cjivting. Thu iiroccss is carried cut at a Ooot of fi-om £♦ 
t iii I ^ -i) !o t.'iOi, including tidting down anil re hanging 
liie cylnider. The cylinder, if mcndpil in the bore, r»- 
quires only to be rc-lx>r>-il il<< h Icjivcs the aand, or ^nand 

j up where the Hangcs have Vwn mcndeiL 

Caftt iron, as a niat. riHi i.f ci ii-tnictioii, haa niatiy 
peculiar a]>[iric;iti<ins iu Auit!t,L'&.ii iocoiuotivej<. Tim 
criMi-heatls are very <HjuimonIy of<iant inin, witir .nt linow 
liningx, and work upon wrought irin guide bars-, ii"t oi.*- 
Ii.ii it. noil. Tjiu liars arc Mimetinii.'^* lx.'lte«d in place with- 
a fen tLii-knesscs of tdicel tin nt tlieir suiitmit-, which 
niav \" taken out nfl the cr--^ ii' inl vs-a.-M, ii>.li iul'Il th'- 
'■:iil;i ■ 1 tl.t giiirie-bara way lie* tiled ilown from tiiius to 
liuii', fii.- ill-.' f.uii.j jiU!|ios«>. Cast iron Ls aluiosl lUvvays 
c-ii].!. ■'. I ll li.r ■■i renliio stra|)ft, where, as inde^sl iu nh»st 

sil oii'ii.li.. w l.rle t ill le is not much :'.'ir) iiir., ll ^v<•a^^ l>i'lt*T 

I than briuw. Wrought-iruu cuoentric iitrB(iit iu« scarcely 

Ii evw nidak Cnfr-inn Ifadca (in the link matwa) have 
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Iwn iKxani iiiiiUy ihtI • n:i 1. although heavy, Uiey wear 
quite Weil. Ca-t irmi i j'kinj; arms are .K>mi!tiinea luet 
with b1vi>, but never in ll i? t.iff..'r diuai of work. Tlie 
nxlt'-gtmnlf* ^vf Aineri'^m r■lilM■il^■ .'-ar* nrt* iilwnvsi f*(t'*t 
intn, Jiri'i Imi t-ii'^'in'"*, r.-i.st mm j.iws nr " |M-<if 
fiixle gu;ir.?s 1. li;iS-{' Ihn'ii i-\tt-risi% tOy u>'-il A <'iL^iin-ri 
nxl'^-^'nani, wj'.h .'i iri'-h'-'^ '.viiith "f' U*an:ii;, '.vill ^<,:-iir 
w.-ll - re ot' wruujjkt iron +; inclivs -.viilr. Iml-nl tl.e 
«t:ui:1.c sion "jaw-s" of the L-jtt uinMnih l.MVf ^•fni r.Jly 
cafct-irim wedgej*, wrrviug al.-ui nan liii(ti|^ u\>iAi tJi^ir wear- 
ing f!U>H. Tlie fo<><~pliil**j* ai>; tnaile aliniwt always of trast 
iron, ajiii tlic baew of thr <loiiicst. .-ainil-box, an*"! ''himn^v 
art! I'ji^t .\lsn, Oci:».sionall}- tli* »t*'.-.ni !'i|H'» r-rc iii.hIl' ut 
ciL^l in>ri The ^rmtc-l^^rw nrn alwiivs ri-^t. \\ |.'ifcr;l.t '.run 
frrrcilt^ or tliiiii!-l-"j. lor tin' Hil>t."(. wtie r.i'iiiti ly u-t- i In' 
nil ArnrriL'nn Liuiliiera, but thoy s. l.i.irii iudUs-U lu krqi 
tiii-tuK. -slieeta tight, dvtl irui, 1L^ ii irjif-riul for ferrules, 
w.^ first ado|>leJ by Mr. WilliAui S Hii lsnn fnon sapi'r 
inttiKlfnl of tlje Rnrferx Loooinotivc W . ik . i, in 
Ca.it iron Hilnt'-s permanently by hint, im 1 i.\ ih.ux mure 
likely (ii riM!i;iiii tijljt when uW in fciruli-!<. Nonr others 
than thr»« of east iron are now used by Aniftriean huihlrni. 
C'as.t-iron tyrt-s are exteunively used U|>i>n some railway's — 
they are 3\ iriHi^-* thicli, rfiiUeJ UjKin the wi'jiriiig nurlnce. 
and are held upon tht* '.vlu-.t's by ixAin [nviniw^ traiinvenielv 
tiirou<,'h the rim, whcivby the tyre i< drawn on tightly, 
but wilh'iiit "train. Tl>c tyro in put on cold, an it woald 
hv broken in "shrinking." The adiieeion is certainly 
Knriicthini^ le^ than that of wrought iron, but the wearing 
sar&oe. while it lut^ is perliapa better, and fiir engines 
oaed about atatiooa, and lia heavy burden engines at alow 
timda, caat-iron tyres ai» fiwad to Mr«« » T«iy good |»ar- 
poae. Cact-iron chiliad bona^ or ear aaUm, ara uad upon 
OMor two nulwaya 

WrtiK^Itt Iron, — Eogliah iron has bean very exten- 
wMty usad in AmaricMi railway machinery, and must far 
nkagtiniaeaatiniia to be ao employed. Of the Amerimu 
■MMhant iron, made generally with antbracil*^ undar a 
InibUxt, tliere i.H little wliieh will nut bear S5 tom par 
■qnare inch, while inuch of it basi a xtrongtli of 30 toot 
(of aoOO pound*). 

Vay ftw eanAil •Kparimenta have beaa miide npoa th* 
•iNngtii of Amcrkaii boiler-platok amoa thoM auub nbnrt 
Bto«nyaMM«iiiM bytliB FtnakJin Inntiliiilfc Thawftw 



VlU-^l iTM 

InddMInn. ... 



is ; n>ij«, a torn. 
«»«. m . 



liG'l 



vMlMror ndU or immatni. iron,' 
to M ikart oTlO «r M pv oMi «r tiM WH atnaglh. 

Att3MtiM ttwe csqwriawntowtn iMd* |-iaeb mm 
waa uied in M to 40 indi Uiilera. to mttf M to IM Im 
per aqoare inah. K«w i to Inch ban fatoad IbrbfDen 
of from 43 to 50 inches diameUr, to carry ISO to 190 lb*, 
of ateaiD, and caaea are not waoiiog of 300 ponnda prc*- 
mm in Viotters iii iiicliR^ in <liuneter and of ( tooll tluok- 
neaa. These an< alway.n singlc-rivetoA 

Tlie firi'l«>xe» of wood-bumiug eDginea are made wholly 
of iron, the atdea very geoerally of ^-inoh platet, whioh 



are fouij l to I- l'-^" liable than thicker in.m to blistering; 
from tUv 1.1 it. rtiti tul«-;>l»te» nr<> or t inch thick, the 
01 -wii ,-,|,.^.'.H .', iM. h. l.ciwiiiMLir r>i L'.Mwliii_' plate iagene- 
r,-illy iiri'll-rrivl lur : iiti luou, ,\iiii-rr'iiii ir-n fi ir Ktrpngth i 
..ml -.'lie l.r:.| Kn.'ll .ll pUtfl ijl then-f.i.-f J lil,- (^viMiaUy 
preitrr<-t IV-r iiii.-t tirolx>xc«, and for l!iin.xt>i Khifits- 

Tha vririuii<i lieaxy fnrjfinjp I'l^r .A :iii:rican locomotives, 
with till' I'X ' ini jn of the tjivs nrc mtt general Iv 'oade 
from »>.'iii[- ;rLi:i Cranked axleo, where made c . rt ; l;ne 
tln»«!W hj li ljav« failed ino new en^'ines are imw i iiilt 
W'ith rrxiiik.^i. iirs- v.-uiini-ity made. The bt-!-t air* iirsi, :;-ht 
out in II i.ln;/, [j.-rhnpM 4 feel lonij, and nearly a fimt sfpiari*, 
■-i liiLli in tiipn 9wiiiTrii down in the middle and at the 
ends. 'I'll-:* tlii"-i\vH tlir.s "'roncbtMl otit," nrv then Wf-vrkofi 
into ?«hu]-' .mil ;>I-.' iillfl'W^irils t-ot .it ri.^iit alitjJi ■ ( • i.ilIi 
other bv IwistiiiL; iIih .■-■iiti'Ml ]i(irt • t' r.jif .ix!". In a cTriiik 
made il. ttil" rnlinruT, ih-- ^rmu run-. ;»l'i.in I thi; tlnuxs-^, 

which are thus Ic-w likoly to iiplii liimugli. CHiuT i nu.kB 
are iiuwle by getting thom out i:i a flat i«hib, of th • • x- 
treiiic length, width and thicknca of the tinishc-i for^in^. 
The iron briweeu and outside of the throws is tlien cut 
out in a itlotting machine, alter which the thix^ws are 
iwUted at right angl» to each nther, in the usmil manner. 
( 'rank!! Uiusmade an! liable to nplil o(T thron[,'h theeheelu 
or throwiL The Itjajit r»?liftl>l« mode of making crank:*, 
that u( welding the throws, iw s<-|<arat« uiasaes upon the 
ahaft, ia now nowhere practitcd in .\nierican forginga. 
Upon the New York an<i ICrie Railway iiiatiy of the 
cranka liave had strong wrought' iron iitm|M .<hriiiik nroiinil 
the cheeka. as in the Vnlo of Neath eii^nnr*.. PlaU' XXXI. 

Axlea are inude with dilleiaul ilagm-.i of caro at ditfcr- 
ent forties. Scrap a.vles are (tencrally ilrawn out under 
the hammer at two heuLi. At aome of tlie forges where 
new iron is puddled fur axles the bhxHiet are first r*ipit.t^/.r<l 
by a rotary squeezer, then piled, h«il4!il, and nille<l, twice 
in auooewiiHi, and finally boated and swaged to »ha|)o. 
An exccJIent bnt expensive axle ia made also from cold 
blast, cfaarconl iron, shingled with a hamiuur, then piled, 
heated, and hammered three timei in Mn-o^wion, and 
ftwM*^ with one swagin:; hnt ConHideraUe ditTeieoee 
of CpWoD pievaila aa to the relative nieriU of new iron 
•ad of MMp fiw exka Each ia liable to aeeidantal de> 
kdtt, bat ia hxgt <{uiititias both sra wed with pwhapa 
lilu iBff m a «r Mrtt i fteriwi , Sanp inon k Meaaaiilr of 
Tuy winbb <t>l>IM!f- la mbm «■■■■ Insa qoutitaei «f 
the tMagi of new iron miif be lied; edna, ckoiw 
iron, like oarrtage-tyrw, may be obttiaad, pertly worn,— 
winto in other iJiitaBaM ft eMq^fdle m/ oMiipriM Uto «r 
«dd and new, hot abort and eeld Acxt, burnt and raw, 
•ad other opfiaeitoqpMlitiM«rina,eoBMara^h mmy 
bom while othen are weldhi|r, or while the flnt are 
veUiBKllw ktbiriiieyiHitvidto etell. Lmnpe of ciet 
IfM «r it eleel oiay ehuee to bo Ud in the pile. The 
nut end eead with wlnsh amp iron is ofteo coated ere 
■lie an&TOUiable to eaeiid welding. So in the pile the 
■lap raqnira to be wll druni dowa to leoare a 
anUbmi grain, aa the amnl j^eoea Is the pile ouy lie 
with their giaia to ^jftnat diieiitiBa% *» Ihet while 
aome are diawn othen aie npaet The eheaeaa, however, 
to whiob all iroiu are subject of being either burnt or die 
worked at too low a heat, render the practical oompariMW 
of new iron and scrap forgings quite i 
work ia done in both material 
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Tlic iimimfiieture o( WTonjjIit-iron engine tyri* ii ciirriwl 
nil lit )»it l»o ur tlinf ebtablisliiacnte iu the Uuileti SliiUts. 
At the liirgt«t ul'Uinse worka, Uie iiickI*^ i>f nuttiulit(.*tur4: it ] 
MfoUvws: — Ttie pig utetal I* inmk- fmiu » hvinntiu' uro, 
Mnelt^il witli < li.in>ial iindiT n oolj blnst, It is ]mJilleJ 
witti a fnx' liiiriiiiij; tiituminous coaL Tlie I>Uk>iii:> t'ruin 
thu puil'iliriK liinincc nre «biiiglc!il uniii-r » lu-immer. Tlieur 
Vicinf; of iitwut 17"> i-Ji<:h, Bri' ilrawii out nMi;;faty into 
a '■ l<>o]i," say Ki imjics lung, HI inciiea wide, anJ 4 inctit-x ' 
I liirk. Two iif tlicso nro placed togetheruid ilrawn down 
iiDiier a buiuiKr int<3 a roii(,'h bar, aay A kci long nud 4 
by 4 mcheii. AU hetita otlii>r tliiin that in iniddling an 
with ftotliracita cuaL Tbe Iwr joit dntwn i> mt ill two^ 
nml teo or tw«lve of tli« dags lo niMie aia laid up is 4 
pillb Iba wpiinit« pieces being kept bftlf «a incb ■park to 
adnil the bant to the centra «f tht AltirailUpof 
obnittiHrtKiilHdiipaittliclapi ThavMi ptlsafaaBie 
16 ewta lliMi talm ft aoand Im^ lad k daad up nadar « 
•toMt-luiinmer, liftTli^r ft lMtd«f If tnu^ ftlliog 5 ftei 
Th* pile is again liaatod aad dxftwn imdar tin turn hut- 
iiMr,toftB]ugo^ say, S Ifaek leagtkaad l$iticlMBdiMB»- 
tar. TUi is yet again ImtadwddiftinvBdartiwMme 
luauncr to * roagh Imr <C aagr, 9 fact in and 8 ini. 
aqmn^ tad wUdi, hmag dmn «ml in iwo^ mtkm two 
tjriM. 

Ikeh of <lw alqga mula Istlft kit praoav ii Bov token 
to amtiwr In, aad tboaoa dmvn again under a li>;hb!r 
I m mdb wt , one and a4 a time, each end beint; hcAtcd wpar- 
aldjr. It in thvn once iDore heat«d mil) drnwn under tijo 
light haanner [aj tou hejuj) into rough tyre bwr, (>nt. of ' 
aboui half an inch greater thickncaa than tin; tyre m 
tendad to Ifalkh. Th« b»r is then bent and weldcil, thu [ 
aiqgb welJ heiug mads witii one V • pii.w and two 
bindam The tyre a now about 9 iiicli<si or 1 foot amalhir i [ 
in dktMter tiian it is int^ndnl to lirii >i i: ;s m-xt 
lua te d evenly in a uludlow furnaoc and taken to a rulliu^ 
madiine, uherc it ii^ rolli>d onttoaiaiand dmmtoAiilc- 

HMi, vheii it Ik Rnislicd 

Id umkin-; fonnectin; i "1^. lli'- " .--lii': .-nd,' n.-t wniie. 
Ill»<>* dmwn out soli<J fiviiu n ]iili-. nml ut otlifr liiiirn 
welded merely ufion tin- < ii N .if ,i plmn lia: Of coiirM' 
the former iiiwie of ii!iik:iii; i , rnncli the bi -t. ri-|.iii-ro"ls, 
t" |.if,i-ijt Iljrir ■<T.i-iiin_r i,'7i-".v.jil iy Ufiiriiig in tli.-' 
[Kwikiti^;. .-in* ^'ll^l_■tinl•^•^ twi^ttil in foi^fiug. 'I'lic irtin tor i 
tyn.'n wii/. M ( III.- tune nuiihirlv IwidUnl, but. as might lie 
«uppo6e<i, tJif Wear wa- uij.- nal iind the process of twiwt- | 
iiig wiiB abantluiu-il. 

Iron tubes are coming iiitu exlTinsiivi-^ use, [>articit!arlv 
f(,r e.:il liMiiiiii,' tnginea. Tbfv i.r.' riLidi' nl. two estal 
liBhiisiiiti ill tilt Vuiteil Stjiti-s, l«.'.itd..s wliiit are itii|>i>rt<'d 
of Kiii;,i.- h iii.iniir-i.'l iiri' Tliu Atuerii:aii tube has what 
U c--,Vi 1 .'i ■•6a)i' tnii, a few incberi of iron at oti<! rn-l of 
tli'^ •- iIk' iiaving it« gi'ain around the ciixrunifcri'nee, Iw- 
siiie-i Uiiiig carefully aiinvalod. TIlia is m protection both 
in caulking and in the expanding |lMeiBa (Iqr wUdi OMBt 
iron tubej> are now m-V. 

\ (H KH « Mntr.riiil/i 'iinl Applieatioiu. — Copfwr in the 
moat usual material for tube!). Itn ooM ia about per 
Oftnt. more than tb.At of bra.«i, but while the latter material 
bcTMinra bi ittle under tliH ojieratioo of caalking. copper i 
li w A malleability by u hii h it can be readily tighteoe^l in j 
tlie tube-aheets iriibout aoatoinigg aajr iiQniy. For Uiie y 
resaoii, copper ends are oRm brand npm iioa tabea For | 



coal'buniin:; cn^^nes. copper. Tor eitlier the lulieaortlia 
fumaci -. in tu.i ■) .\f — the flying partiehu of roal eat it 
rapidly away. U here copper ia Oiiei! at all for the furnace 
it ia eiily for the lower portion. 'J"ub«!< are made from 
various thickneasta of copfier, the Ihii kiwt being 2Jo. 18, 
the iJiinin-.^t Ntf. 1.') or 1(1, 

For axle boxes, braisii lin«il witli anti-friction metal ia 
largely ujmmI Many of |be best builden^ however, will 
not u.te white metal liningSt as they ore so ra|>idly lie- 
stroyed by the innaUest qoantity of diist flndiag its way to 
tbe jouraaL Various mabiriaU are used ibr asla-bosea 
A oompwition of 974 paru of with 7| partaof eoppar 
has been cooaitlerahly used, ami with good saocesa. Tka 
box b caat entirety of tlila metal, m aapante lining liaiag 
anplojadi The labricatiog matariil ensplojed k alwiya 
oa aad aanr gnasa. Old ^.nalal, at ft etat «f 
(IO«nk)»pG«i4 iua bean vaijrneetwAdty naid fcraala- 
bana upgnllwBiltinwcaandOyoBailwagr, ouNrau 
beotea, eltiUed upon tlieir bMring-enr&ees, an mooli cued 
be Mght ear axka CMnnn faaxa% Bntd adth fjlim, 
have bean nsed, bat witbont maob sneoess. Tbe glasa 
was poured in » fimd state into the esat^roa shall, and 
bona so made have oeeasiOBally letaiMd an stueHant 
wtatiagmdhMaftar laaaijrmntlia'aM TbabMtlnia 
basaiHaBiadeoraooinpeat3anaf9aa|i|Mrtol(bb In 
Baldwin'a cnginea, nearly all fbabnMWwlE k<f tbk ax- 
ptmirt bat weaUent voiupncition. For small boxes, like 
tbcaaof Tal«»atems, wrouBht iron, caas-hardaned, is muHi 
used, — the wear being almost inappreciable. 

Cnst-iron valvea are occasionally maile with Xima faoe^ ; 
and brawl rings, for jointa, aametiiiiiM form |art of tbo 
caatings of iron pump barrda In such cases the brass 
iKirtion of the casting is first made in a separate mould, 
Its coni|xi«itton ia quite hard, say 9 of copper to 1 of tin. 
The caj>t iron i.i then |yiureil slowly upon it, — in the case 
of largo valve.H, several "j»ate!<' aiti made in the mould, 
through whirl, tlit' in n irs [Kiuri-d an nearly mjually iim 
possible. 'Ibu iruu uuit'.'s perfe>rtly with the brnis. so 
niO' b th.it no galvanic ;i':ti ii i;im>i • ii, such as ia notiivd 
wl.i ri" sr|iarate iurfnot'ii "f ir ;h and I r.is.'i am exposed iu 
c iitai.t 1" '-ti.:h I'tli- r. In iv ii ]iuiii|i castings, where 
M')ai'at« brans rings ore employed fur making tbe joint«t 
thi* ironk oacaamallyftuiid to beama aatan in aaiail 

hiilty*. 

Cast-«t«-el sprin^*^: irr bcin^j iidojAed i y Uia:i_i Aun'r.L-.ui 
builders. The voliit..- h].i iii,;H, thu.n far ii»i-.l in ilu' 
St&tes, liave been lu-niL- uf best l•.l.^t .•ti^i-i. I; i> n.it iHittlvd 

whether tbe V'fln'.i- %[irilji_' I.ils any a:KnMta;_'^' iiviT thu 
i .iriiin. n t'l-riii f \;'i'].t inp f ^;:it it i-'i't|[Kr - Ic;i'i i-imC-.' ludia- 
rubUjr 8[ini,s:: 'xr rc M nno trivj ti-.cd under eu;.'iti«- ti iickM, 
and were coi.si i. ;aMy ii.-ci ) i i lenders. In the former 
application, they ulii rly fiulitl, both by mwhini; and by 
wtlliiig into a rigid miiw Their use under tenders biia 
been also entirely abandoned. They are still eiuploye>i on 
many lines as car springs, and do great damage to the 
permanent way and machinery, by their sliort Iwrd action, 
beside* often freezing quite hard in winter, and softenin;; 
in very hot snmmcr wejither. ]ndi»-rubb<T packing, by 
the salplrar which it rtiuinit from it« nianufiv-ture, luu it 
rorroeire action upcin the stuffing-boxes, bolts, kc, whili; 
fur machine belting it givaa tiooble also fixim stretching, 
from breaking, and from lottiaf wbamer ail ehaaeea to 
get to it Far bilk rcqaiiiBg to be ftatOMtljr thippad 
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ftWB 4M pnlkf to another. Slid expna»l th«r«liy to abra- 
•iOB apOD theadgM, Ul>lia rubtier in wlmlly ituuliniMilile. 
CompiOMd «ir-i|iri]ig>i hive hten ooauionidly, and wvrp, 
indeed, at one tiiM quite genareJIjr, obbiI fur railway car- 
ria^^ Tbvy rcxlc tJelightAilty. but requirad far too much 
trouble to kivp tl em pn>|)eriy padceil Fur the enal 
mmgaiM of the Reading Hallway, tba apringii are nraatly 
of wnod two |jluika of a«h timber, each 8 (wt long, and 
<t by 2 inebea Hclion, being bolteil tngether, fiutened at 
tkalr cmli to tba ftamiBg of tlw waggm^ aad bamiif lb* 
•Klv-lmaailiiiliad to tWr mular aidia. 

In tbe exttTMl StiA d tfea brd^ plaaMiod 
BsMiafMiiiiit wimjmm Md iiv «mring Um banil 
«r tba boUec TUa iron has a baaotiM mtaMv and 
MqnrM only to ba mbbed vilk » littla iril to prataat 
it ftMt nuting: Tha U«di, vbieh thia owmim ii 
IhU to tba boOw, aw alwaya of poUtfatd braet, aonaa^ 
I richly noaildai Tkaiwfof IfaatobaaibaMMlinNi 
IwithtUoklU^ wUfc ft pnliM biM euiiig oM- 
ThcdooMa (Ihan being two on many enguies) are 
alnottalwaj^aonNd witb poUifcad bnaa, genetaUy of a 
tut MchMMtotal darign. Tba «7liadet«(wben oeloMa 
«r anMkabox) wilfc iba qrKnder aovm nd tht v«l«a- 
cfaeida ara in iBoat caaea anularly oovwed. 
poiiibrd mrfbeaa, aa ii well known, radiate len 
tboae wfaleb are darlc and rougb ; beoee there U a dadiled 
advantage in tite uxe of the xboiry braea work of Ameri- 
can aqginta, The «i|ginaniao'« lionnc. i^linwn on Maw>n a 
aninne, Pkte XLVII.*, ia verj- frttiucntly of »n «!»borate 
architaotiua] dinracter, rioh varieiics of w kkI, an r'-wwonl, 
mabogany, Uavk wulnul, "bini'a eye" luaple, mainwooU, 
&<',, Willi; eiii|ilnyn) in itrt ejcternal daMMtiOBi wllila Ike 
wiodowe are of heavy plate glaae. 



mstAna or ooNsntucnoN. 

BolUr. — T'nn striic'.'irnl r»?i_' [liiiririi-^ of American l>"o- 
motive boiltrg are sliuvvn in I'.iiti' XLVI.* The iimtr 
firebox is of tlit ij,iu:il iuiai; the njof uf the ouCaidi? lire 
box tieinj mi.-^l rVntn I) t-i I'.' in<'h<M »fx)ve the L-ylindricAl 
j 'lr'LMn iif t.hr l.nih'i, Iii :.tl t-r t-.\.\m|ilc:i twuHleain dntni'^ 
atv (Tii;-)]- 1 >■»•'!, (ifif l«'Tn^ ;>l.ii^'d :ni'iw:iv nr n(*nr iht^ front 
elid cf rvirn.'!, Thi" srii^inis I'ur.iiii:^ tint H.^irrl aro 
Very ojinin' nly nrrar.fjod in the mmner nf tbiy fin^ of ;i 
telescope, thiil ui-it llie tireb .x IkAt>/ ■ f tlio lar'^-o-t dui 
meter. In this latvi tl,r toji of tin- t->il^r i.i h-v.-llfil, llii 
inclination of tlie unil<T Ki lcM'T\"in;; -I' l- ;t i ti- itioviv 
Uifiit, nf solid matter towaniit the wiilcr 5]iar;i.-:> uro'in J the 
firobiix. Angle-iron ia no lon;;cr ttwd in the constrTXition 
of Am-.rlc-.iii Imileni, nil angular junctions being made by 
flange* forrui-i i>n tlic Khuetn. n>e amoke-box is oftej> 
n>a<lo (,'ylin<lri«) iw a oontinuation of th*! hari-c) of ihf 
boiler. For atilTnoc in fastening the cylinders, tlit; ttin iikt; 
box is unually mado of heavier iron tlian the barrel, and 
in some instnnoon tbe forward tulw) plata li earrietl into 
and&stenedintbaimaks-baK. Tba tube* are now usnally 
ianrtieal rowa to iuilitato tbe dnohtkia of 



tbe 

Ilia working oonditiona of Amerintn raibvadi are aasH 
aa to requiro a larger expenditnre of ateaoi, in a ^Ten 
time, than tbe average in English enginaa. Ameriean 
Untaoflkr gnntar naatanoa. both in { 



and tlie triun« run upon thcro aro haniv (ban in 
land Tu gnnenitc this additional qMOtHgr of 
boilers no larger than tboae generally Mtd fat 
the draught in not only forced to ft gnatar •Xtoftt) 
additional precautiooM are taken to {iravrai {wiaiing. 
eli!Vni«(l nxif of tbe miter firebox and tba "i 
— fnim enrh of which ona-balf of the wMl 
su|iply of etesm is drawn nfliwl mMMmKat 
beeidea p>x>taeting and aqonliMig <h» jll i i ni 
tha^limlarft. The alaflnf g«M^ bgr vhfah tho 
tothabHdlgrtha 



Eng- 
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to 
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ifa«boi,Mld bftvtag blth Mfirtgr-vnlaaa aeated in it« eoev, 
tkm k naqMitkUiblf n tondanqr to primiag. At tha 
MM lioMv alH^ tk* not of tlw aotw firthoK ia» nail 
to tkat tha iuar fahoi; tk* iNtkut part ef tba 
In aom «iMi whm ft 4n|)» dMMi of Tsry large 
ay 10 or 36 tnahei la aaada, tba opening 
tha banal of tb« boil«r n of no more tbak 
18 inahH diamtor, this eise giving arapU opportuoity fu- 
wak i ng IttMnd wanlaBtioiia Ihraugb tha dome, whibt 
thftbtitar ii Dotaariooaly weakened Aa in England, a 
ooMidarabla nombcr of engine* hare been nuulo and anc- 
oeaafttlly worketl witJiouta sUmtn-dome ; a perforated or 
slatted ideani-piiw Iwing employed to draw tbe iiteam 
alike from tlte whole length of tbe boiler. 'Hiiii amngi!- 
men^ aa long aa it can be r«lie<l a|inn (or the nupply of 
dry steam, ia obvioiuly Uie nii«it aimple and ilntlrable, in- 
aeniucli ah domes wenken the l><>iler, t.'.sl Iwhii; iinivy 
and exp«nMve, and f>rc«<jntin<; additionni nvliitinfj sur- 
fiuv. Tli "o w(i> adopt and ivlvocate the u-" t rl,o [n>rfo- 
mte»i stt?.arn-j>i|te are in t;vt?rv f-a-**; ablt; Uf furiiiili i:L-4tiiiicea 
of their aucce«ful u: tvt itfantaiiding wbi«h. tlmv am 
no nearer tjenem! a Joption than vvrr Ammi;; Koni« of 
thri imv.l, sniitTi.-;''il cx.rDi'l--^ of A'norican loi'n-riotivee, 
novT working; without si,?:vtn-d ■rae-i, may be loentiooed 
ivveral of thov ma>le by SVillimn M.taan Si Ca, aa well aa 
friio if the earlier engines niaiie by liogen, Ketchum. 
and (Ir iiivi-Hor, for the Erie Railroad. In Mason's en.;ineH 
tilt? [« rf>tTit i ns in the .iteam -pipe are very small, ■it'. reas- 
iiiLT --i M'Z^ AUit tovranls tii*t Miiioke-boi. In ii*>j;i*i^'eii^nea 
t)ie o(»*niiiL,'s Wfr\' a triplt; r>w of slot^ €iaoii rtj irp-hefl 
loa;^, I in<:ii wiiin al tii(* fiPflRtx, anft i inch wiilf at 
tiur .vn >kes ciivi In ituth in.'itfn tim wrri* pla^sed 

aa nonrly aa possible to the t/ip of th'j harrcl of th« Wiler. 
hi rt-iiiy all Aracri'.'^an ontpnp*, the tiirottle- valve, or 
r^f;;.il it. II- ja ]'l 1 ■■.."1 111 '.Ii-.' - i: i-ske-box, so that the perlb- 
ratt^.i pi]« j.i-is- 11- nivanLije nor di9*.lvantaa;e in 
tlint rtt?*|H*<--t. ['Iir- tl.:oltiH-valve, wh«ti p!a<?iyl in tin? 
UTOftVc ly x, 1.1 (iLsily a4'ii^.wsi>lr, although it i> rijiirt- likely 
to Vieoimc dry and stick tJian whnn iilawi wilhin the 
lM:,U,jr. Tho "ij-trnm-pipo, in tlw t'lrnuir cji^t, ran lie made 
lar^p auJ thin, withont any dariji-r of ciTl!a[*i.'_ A large 
Kteiun-|M|ie furuis a rtaervoir hy which tht supply ot 
stoun to the cylinders is eqnalizt^d, anil i>riining eonxe- 
quently dimininheil And thv fiteain in Uie steam pijw, 
when the thn>ttle valve is shut oiT in (he amoke-hox, is 
retainvl in the Vdlcr instewl i>f (Mssiog into tha qriindan^ 
although this steam is condensed Midi 
tba iiipa wbea th« boiler is aooiad. 
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The iinliifali Mmi ia th* oaniUoeUom «f Amerioan 
boilers b»«i» ton Mbn umtioMd, altlMagli it may be 
re]>Mited ban that flia Unbox h oloKxit tXmtyt of iron, 
(.be tbickaMtef Itoddailwiiig (rom i tu A ineli, and of Uie 
emwn plat* A to I inch- The laawr tM a to i m i awgwo- 
rally pnAmd, aa inaurin^ greator HMttAMII ill (h* few. 
Tbe aidas of the firebox, where ftofmfy Itoyvdi tM, M 
is well known, the alroDgest parte of (Jm boDw. Tha 
platea of tho barrel of the boiler, toi ww r , even f .r .{in- 
nwteni of 48 incfaiw, uiul pneMiua of IMIm. per 8<|uani 
inch, are often no mora thM ^ iMb in tflMklliMib nnljr 
more thiiii ,'4 inch. 

I'tio msido firebox ia sometiniea DUd* viUt aaap&rate 
cron-Q )jUt«,fliu>gni] downwards on eachoftworfdat; whJlat 
in other ciues the >ii<le plates are bent and eontinaed auffi- 
ciaoUy, by uoetiiig iu a saaiu of rivata over tha oontm of 
Iha firebox, to form th« cmwn withont a separate plato. 
In the first ca«e, thu crown or roof stay-bara arc placeiJ 
triia-vers.'lyacTofi') tin? firelwx, care being taken that thrir 
eiuU. rsat fiiiriy on the upper edgi-A of tlie side platea; 
wliii.-t in thi> other case, tlio sUy bnni exlMiJ foro-and- 
lift, mt at titeir ends on the nngldi of th« Hiuigvs in 
the tube aud door platea. C nciauoo* longitudinal rtay- 
rcxU, extending fn>in tin; biu k or door-pbite to the smoke- 
Ik»x tulji) • plat«% are rarely uaeil. The stay - rods from 
the back pUt« extend dinijiinjilly to th« inii*r s-uifiw . f 
tho larrcl uf the l>):Ior. wlucli Okv mi: r:.. 11. 1 li.f 
siooku-box tul«>-iiUt<-' lieiriL' »Uy.-;I in a .siniiUr !uuiiiii-r. 
With the raised roof o:' tliu ■jhUt tin-li.n uml tlie Hli'|i;:ig 
guaaets by which it U oumocv. i t-p tlio Kirrcl dt' tin.' i-: il.jr, 
a weak place is Idl iu th« sij-js. juat t'urwnrJ ot' t;ie tiro- 
box. In tb« belt DJiistrui.ttii loiluri, tho firwar.l tr.im- 
Vttn^ ninf MtJiy-liiir i^ e.vl^ti'it-'.I at jts wu ls, aud ri^etted 
thruu^'h M'lil.-tblc Im^^ to the urit<-r lir,;iv x, n iiriis-s >Ui\'' 
rod is l'.^stel>e i 111 just ahnve the ttiheit, ii:ni nil the ji_i:iit,s 
about tins I'irt .1' tbo boiler are niA'ie with -ioTihlii row, 
of rivctji, Tho roof of the inner firelx i:, in inlditi:>a to tho 
bar«, i» pta_\e.l hy vertical linkn rr rods, nvetttpl at thoir 
up;>-r oxtreniitias to tbe rojf of tlie outor tiroi'OX, '„r to 
the ittiudc ot the dome. (Jon5idi.'rr»blo dirticujty 1;;0( boen 
VXfM5nenei?d on variuu.'* linijv tho '.■orn«--\i.:n or ccys 

tallization of the st\y lKi.tr< ennnc'jtiu,.; tho ti(les^ of tin* 
inner and outer iin-lioxt^ In s'.^me inHtatuvji, t:if.s«! hulr.s, 
although bolioved to liiive Ifen Mi^'inaliy rnudo nr the 
best iron, were found to b.ivo tvomc nn enrroded or so 
crystalline in texture, aa to l,avf suiljen]y piveu way 
when the enj^ine was at work ; aad ^ ino tawA of explo- 
(lions have occurred, app«r«nUy from the faiiure of tliej«e 
l>olt«, tliow) notiuHually l>rukon in lh« exphxion snapping 
off aftej-wanht, under a liglit blow, a-i if they had been 
mad« of cuJtt iron. By itom«, thi;; result has been attri- 
butes! to a supposed repeated strain — a partial Ijending and 
unb«ndinx of the bolt— erary time the firebox i« heatod 
and cooled i the expaoMuu uf the ioner firabox being snp- 
IKwvd to be morv than that of tbe outer fiivbox. TbU 
lij-puthcsis is apparently slrenifUtened by the fact that the 
upper rows of slay-boltst, which, in the caaeof soob expan- 
sive action, vould suffer most, are actually thciae wbiefa 
ofleneat give way. For tliis reason, Uie xlay-bolti^ in 
some cam», are tume<I flown smooth between the fial^ 
and smalleet at the middle of their length, their form 
baiiig iatandad to parmit mam amoimt 9t latonl abmin 



towUdiihe 
TUkaevB 
baeoe- 



nrwoed^tamdagavgbii^tlMvaterapaaeaanaiidtbe 
finbox is aiHiir mm* wmf aamw— aometimfla no 
mon li iadiM at aooM |dM» oa tbs I ' ' 
iaaaoniMB vidih «a«Mli«dik 
a iiMibmlMt quel ■ppena to to the 1 
pvtodim «r Om jditM wn to f 
difin% of cimibtiM itt daapb tU» ^ 
~ ItottotridofMp 

k«rttointor. la Mm of dw aqNa oTflM 
Bi*w BubiMd, » pkta «r lUa irw toa ton is- 
uttod itt ftoaiddla offto watoM|«ei^ aad pnalM wttb 
ttoiid*ffartM. The aaoendii^ eainala can ttmi riM In 

contact with tto bMtod inlli aiT flw flnka^ laiOiMtob- 
(tructing the deacandlng cvrtento M Ito «ntor <f Ito 
partition. The oonductlng power of im platea il mk 
that it is believed that nodt^iee of haalon oiMlidai 
bum tbe |Jate while there wiut a oonitant aooaa of 1 
to its op|KMite suifaoe. in casee where the ndea of itra- 
Uixes are burned out, there ia leaaon for tolievinn; tluit 
the etrcuhition uf water armnd them ii obetniviiid, iu 
which ciwe. in addition to the actual injury t<} the inw, 
there niu=!t 1m-> n cnn*iiienible la^a* of fueL Mr. C, W, 
Williarii^ : I I, C ('wi/, liaa mentioned the 

case I fa niiinno iHiL^tr, w.r-i very deep, thin water spaces, 
xp. lion-in, ^iltkuij ;li It /•■nii.'t-i.'ock at the top showeil a jiroper 
Ii-M-1 of \vut,or, anotlii-1 i ih '<, tapped into tho wator-Biwoe 
at tiiKiio di.t.ini'i- Ifluw, iliM-hiirged dry steam only. To 
pve « free ja'i.-.ifrc f >r tiie <it'«<>'ndinft currents of water, 
seeking to tjike the [ilii' o <.f thiit tin: h;:.vili.j ;„'ruvity of 
whieh hn"! l-'i'Ti iijri'.-.ilv ilinuni.-ln- i hy !i!-at. an i wliioh 
IB. tlitrofori', liijiidly jtt'XoiJinj,' njii.n Ihe healod si'lea of 
tbu tii'tiliox, iiuldwin 'a, h.ive, in Borm; nf their (XKil- 
bumiti^ engines, employed a puir of in -h j ipcs, conniic- 
ting the un<lisr side of clio harioi of the liuilor with the 
bottom of t'ne wiitx'r-.'^]i:i.'e. i-n e.ioh fide tho tirtboi. 
Water-*,pftees of innjih- width, and, ^.till hoIt'.-r, iiieio.-L^irjg 
^Tis Jinilly m wiilth t- war.U tin- tnv., an.iwer rvoiy |nir- 
[K«i.', howovor, and entiroly oh', :!ir,' t!ic iii^:s»i<.ity ill the 
t.-iuitiivanoes j'.i-it do^orilii. 1 

Thi- tuhttM of wooii-burniiii; ongincH ire /jenurally made 
of co[ip<!r of from No. 13 to No Ih iTi i-C'' Brnaa tubes 
are n-< d to iinnio extent, and with care ia setting, and iu 
tho nitin,i,'oment of the engine afterw'ar.U, they appear to 
aiuiWtjr very well They will not witli-stauil the action of 
caulking with the lianie reiuliiieitH a* ocipjier, iHsddt^ which 
they are more rtra<lily injunwl by overheatiug, Iron tu1>e8 
are cxli-niuvidy UKud, c»|iecially for ooal-buming vngincs. 
Wherw the fireboxM;nd is mndo with a piece of atmcalod 
iron, with tho grain around the circumt'erenoe, instead of 
along the length,. and where the cruls are carefully and 
accurately set, iron tnbeagive iniieh satinfaction. There 
apjieani to be little doubt among tbuee wbo^ &<»n expert ■ 
enir. are liest fitted to judge, that iron tube* trannuit 
boat t-r{U:Jly at well iw copper or brMt, whilst their atiff- 
nos^ is an important cireuoMtaDoe, inasmneh as -.l taodi 
to keep thom tightly in th« tnba-piates. Ferrulet, or 
thimbles, are used only in the fiiaboz tabe-plata in 
Araenoaa angioea ; and with imm tobM^ aKOq>ting where 
capper ends ate bfiued t^on Otm, m tMiihles are ever 
uaetl The thiatblai ai« imnt m»i», noi«OT«r, of ca*t iron, 
as that material dikt« pemaneotiy hj heat, and ia mora 
likelj than wnqgbt Iron to raandn Ught in tto iobea. 
CtoUna tUaUw nvdra to to » triflt tUetor tton 
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■wTiniirlii-ipin, find bgf nmdl oflvr n sli^jbtly incrcast'J ob- 
struction tj tho ilrauglitt Tha inhta aro beini^' i:.>ner.->lly 
arrange"! in vtjr'ical rows, so ils t^i iiivneut tL^^ ^._it 
ntructioa to ihe circulation of IIji- w iU'.r. t'nr tLi-> l e^unuu 
iiL-».) tliuy are now only mrcly ;.hu<-il uniiriT i iiirli 
ii[i&rt in American KnijiiKfi. Tl^ is stati-i ii]X'ii ttif a'l- 
Ihority of giQine of Out uvi^t rxj^Tn.^no'iJ Im.i.nii.itivi- «'ipM>r- 
inUndentfl, that en^[iii«a witli a lar>,'o nurnkT tif au'-all 
tulwx, crowded cicsely together, iiav* bc-jn fjun i tn -toaui 
more freely when one of the luiiidJa v<j:tiL-.il row* 
tiln^fT'?'! '»J a-^ til ^luit nut the heat; thu.t iriaTiuinL; llir 
etft^tive ilut,>' i>r tii-^ uutiT tul*!«, and ipvin^ iiicroa^ci,! up- 
porttuiity for thr i|<^sivnt <A' tli^' (!i-r.l(!r rurn-iU^ of water. 
Mr. Oe':-r;;c .S, Grit;;.'s, of tho liost-inand ProviJenoe Itail- 
road, h.^s nienti'iiii'd an itistauLo in wli^i'h an i^xjilinli-i 
boiler wad fouuii lu have lie^n l<iiriii<:] in the l.nlfs, altuut 
the centre of the whole iniuMi of tuhi fi, wliilst t1;osr ,%t the 
top were entirely wtunil. »nd Witb<>iit si;nli'_ Tloi w.-.n!i1 
iir^'n« the ilii!])«nion of the wntcT from tlio Lotti'st |Mirti'>n 
of t^e tubular maas, where also the access of M':i-.<ir \mi'< 
most ditficttlL This eircuinjitance sa.iLHta to codIjtiu that 
already refeireii to aa Imving t)«en luentioueil ty Mr. 
WiUiaina. Whilst the tubeii wnre fwnierly, very ^'I'ln rvill y, 
no more tlian 1 \ inch, they uro now made, in tnmt cii^titt, 
2 inclim in dinuivter, It *i)pi"!»r» to have beiMi well .lettlixl 
that, other thin;p bein,^ oqu.'vl. 140 tubtst 2 inrhw in dia- 
meter will make more steam thoji Ul(» tuhiit of \\ inch 
— the same aurfuce being prs»anted in each caw. Tho 
sectional area of tube-opening is of course greater as the 
tubes are enlarged, whiUt there in also additional op[x>r- 
tani^ for oirculatiou as tlteir number ia reiiaced. 

The chimney of the Amerioan loootnotive U one of it^ 
nvoat diamcterutic featurta. Apart from the eagerness of 
iU eomboction, wixkI iiullert a rapid di!cre[utatiun when 
burned, ao that when under the inllucnou of « stron^f 
dimogbt, a large part of its subst^ce is shot forth in 
riMnran of sparks. To arrext and retaia then witboot 
Mliinisly iropeding the draught, has l.^en the object of 
miieh ugenuity. One of Uhs c»rli<Ml, and, as i:.\[ieri«ncc 
hM proved, tba bMt amilgementn for the ptirjHiw is that 
kMWB MtlW*')witlMtpipav" shown in each of the sections 
«f Amorioui engines, Plates XL VI I.* kc An inverte-i 
oonkal deflector, having a rolling edge like the rim of a 
tea-sauoer, is placed a few iuciuis above tl>e mouth of the 
ordinary chimney. This deflector inverts the draught, 
the 8)»rks by tlu'ir wcir;ht rvmaining in the bottMB Of M 
Mnnliir casing ontsido the chimney, whilst the ■^tMB IBd 
■moke rise and pssa off tliroagh a wiM-datli ■oiMn, or 
boonettatthetop. lUsformof ifiBrk^neaterwaaajtplied 
tgr WilliMK T, iane^flfKtw Yo^ to aa mnim built bgr 
Urn, in ISaS, far tbe EklUiiwre aad OMo Rritrnd; tet 
it m art giMirilf KdtgMdv^ 

hnflh and Biud tomg^ «nt ■ ^mtiimwlw. im which 
» MriH of «amd TtrUtd 'Wtm, «r ImH wm ki up 
bamft the oeaital deBectar, ao aa to gin to the iparin 
» ^inl, ar laiignilkl notiaiii HlBdaBt to thvoir Oun 
egi tota» dtorfjll w wto <Hii« ^^^^l^^Snf" *^ 

ttMOg^ It aatiW of irii»dadt ^agt in. tin top of tho 
Mmanf, Wb fm tgiAtaitta ntained nearly 
■n tha apa]t% Hid fcr Oil ratMB Mpadally pnfemd 
oo nihnQS intiMfioalhtmSlatah vlmllitapariBi fron 



I the engine are bo dangerous to cotton traina T]i« nr- 
' rangeinent of the deflectors and wire rj ith .tpreens winie 
wiiiit lni[K''h'<l tlie .Irau^iit Em',.i .i i , ii:r] niorf ri*,T>Titl\', 
jiti'l i<nn'ti tlm ail ;|ittc>ii i-f variou.'* .'iiljiL'.tnMMit*! ItiVH jxjr 
niitt«>(i tlii^ rnlaro-i-rnrnt nt' tin; rxhaii^t riozrI*;M, and the 
coDSO^iiont :noiliT.vtioii of tlic drau^lit, several of tho 
.Southern rail wayi have rstumcd to tho use of the " bonnet 
I pipe," S.jvtral other forms of spark -arreaters have in- 
L'l'iiloil tho cnr\'i>J vane-s impart i\ ccntrifu;j-al uioiioD 
to tiiv s|iarkji, ljnt tl.o iir<-*!nt ; T.acti'.-e tiiriL-i chii-llv in 
favour of the " liMniiL-t [li].;'," w hi^li will ii;>ii^ tli-'^i pjtjiin 
I tlif iirrforL-nit! now [.'Ivcn it, iintU cooJ kIsoII liavu oQtirelv 
I sujii'n<».x3i>i wo.nl tx-s ji fio'l in liNNititotives. 
I Frai l • '.<7, — Tl i»:>rr.-in^'rtnrn'. of framing usual in Ameri- 
; canenginis; i» li I -' n . anal ly tliat of two trvissed beams, 
I between the w .kx-U. only luii ie t-jaringi l>cing employed. 
The Kh'^lihli I'ounteipart ijt' this arran^L-uitint wxs tiuit so 
li>iij_' jircMfj-\ f*l liy il\iry, L.'urti.H, aijil K*!iint?dy. The main 
}lar'^ nrr: ^lou'r^llv ♦ ini-htt* hy 2 iiu-Kr.*!. laid upon their 
tlatsiilo-5 ami U:rit dowTnvAril, in front of tlif forward axle- 
guard or |»!di'at-'il. nvjirly t<' tin' I'jvi'', tho axliis. The 
legs of tile pedestals are more geueratiy wehlei (nitiioiigh 
they are sometimea bolted) to this 1.^, and their lower 
ends are oonnei!te<I togetlier, and diagonally to the ends 
of the fnuiie, by flat ttMwion Ixnm, fonning a truss. The 
frame is braced to the IxutbI of the boiler by stilf braoes 
at intervals averaging 3 feet The object of this bracing 
1 must be conaiderwl aa tliat of stiffening tl«B frame rather 
1 than the boiler, which although of thin iron as compared 
I with that n.'<ed in Engliali locnmotive-boilera, is thus raado 
to participate in the strains exert«<l through tbe rnnniag- 
gear. Tlte propriety of tJits arrangement might h« qOM- 
tioned, although in prutioe do ooospieuous evidanoa of 
injury to the boiler is presonled. Tho slab-bar frama^ 
8 or 9 ineheH de«p and 1 inch thick, was adopted at Ml 
early date by tJin AnnxiiP^it; .Manufoettirin!; ("omjany, 
and has Iwn employed aUo in all thti engtn<*-;< liuilt at the 
Jersey City Locomotive WorlcK Its strengilt and dm" 
I {^'''Xi "'^ convenience with which such parts as are 
j iLiually supported by the frame may be £uien«l to it, are 
likely to lead to its ultimate general adoption. In Bald- 
i win's engines, lugs are forged upon the frame to reoeiTe 
the cylinder flange, and the boxes and pedestals^ which, in 
addition to their fastening by bolts, are further tightet>»d 
hf keys, Tlie extneniitiesi of ihf frame are alw»y-'< braced 
bgr «<iagM«»l bnwes to the ends of tlie boiler. The boiilr 
eamai be eooBdaredaa being rigidly fiwtened to the franw 
esoepliag at tb* mcke-lms, betwvan iba itilfaMd miM «f 
wbidi aad tbe fraaie the aylindoB an flmly bolted. At 
tha tobwcHad » ioig M#*>iini braaa iwli vpoa tbe 
npptr M* «r fh« flnac!, to irUdt It ic gnfload bj • ainip 
•■liiidii^l «TCr «h» wbtto of th» bna^ a^ bolM 
domiatthawdL rmUamhwrniittit 1h»tMnpm- 
siom of tba boiiir, MMimtiv to riMit llMfc to (b» vhtla 

fiNtoft ttw H^wiM totiiadnbak an pn■M^f ndb to 

in 1h» linr Inibox-plato. Im Ma»«M*% » not wUi a 
eoocara iM Md » iiaddag of eiWM Md ndJiid ii piMid 
upon (bo bclttrUtat it ii bii^ pMMd tbiMgh lb* virtK^ 
■pace, this nut baiag acNind tigfatly tetiait tba inner 
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tUUmag tlw IhHM t* tlM bwrnl cf O* boaw, m bbttod 
flrtnly to the fi«ia% fettt wUb tht bOM* aut tlw noke- 
bnx (^ii«rally ban tMr Ikt lUa oubmid, thaw tmnidi 

t)i« firebox nrt' plaosd vith DM «l§i mbnnll, ao Uwt 
tlwy aiay bend slightly, mhI thHaoaomnHidate Ui«niMlv«a 
to tlw nwf ■■wi of Umi boilar. In the eogines by the 
BiMtoD LoaonotiTe Warki tke intennedUte bnioee Mr* 
laand odamiM. The- hr.ut» urn umuilly riv«tled to the 
boilar tlmugh bniuui |uilniH, itl(h(>uj;)i ill MfM eues where 
the tabes ere nH tiel'm^ tb« boiler put in the frame, 
fheVMM are ie^leoed by acrews entered froai the out- 
aide. This mode of fiutaiuog has been followed in all tlw 
en^^inea nuule by the Tbontoii Looomotive Mannfaeturing 
CompsDj. 

The batening o{ the cylitiiiera Ut tlia atuolMsbox aocl 
frame, so a« to secure Uii> {rreiiUst utitTuoa anrl ]i<tnnanttncy 
with the l«iut w«ii^lit. U n jirubleni of inurb iin^HirtAiioe, 
and mi|uinng diuimi litlln inKVDuily fnr iu sulution; it 
btring borne in mind ibttt only oiiui U' yj linder engines 
are nuule unj'wliiTu in tin' Unite i Stat«i. The warn 
of a prT)|)rr cylin^ier lA-^'n:ni^ iii ti.e outsido o-innei'ted 
engine kept that ajT-H'i/ ' in n; fir r. Lvn^; ti:j-' uj lis 
fovour. atthoneh sine*.' a;U-i.;.u» iiit--* Ijccu ■iirculf.i wiiU 
more eafu<!->tii»/<i tj tlie ituiiit, ti.e hi^^lient CLiinJitioiM of 
fitrengtti, [*:irti4au«;ti>je, iigit cucaw, aU'l tunveijjeUL^a of ar- 
rangeiiietit h^vt* attiiiti«il The oyliudt^r faNt«ninj; in 
the engint^^ \iy R<!^i*m I/)rttniot!v« Works espocially 
^Ifilii Ui«<o oiii'llli'iivi. I lio pnniki- iMis.oi^ iiith iit>n, luia 
flat iiid<», furtlicr p;;rtiT.oi by ,1, incli fiiti:lie.i 0:1 Uie inaid«. 
^riie l>ottom ift a flat pUU' of" j-iiich iron, «iL*'uiUni^ beyond 
the (mwlsfl-box t-i ri"it nu tl.t up]^ hi iti uf th« fnuno- 
hi^n. 'i'lie '* riii^*," 2 is L-tt<^i u itiiiii tli<! J<int,-ir J t-^i'^r ->f 
the sinolce-box, auU Ui wliii:li li.e I'lLst^iron troni isscrvwed, 
is of hoivy iron, iaiy 4 i:u:Ii<--i 1 <y 1 S) inch, and a stout croas- 
bur u alw) put in to Imii i- iln- tiidcs laterally. In addi- 
tion, t»n r iiiri i lii v" '-!'- In.-ics extend, one from eaob 
lower MiitJT nn^'ie of thi' hio'lir ^ide of the smoke box up 
Ui tlic .-II I I :iit' Uiiii T. 'liin . ylinder has a tUt 4-inL-b 
flir);::^ re^tii-;: . I' li lIji^ j-r^JtHrtin^ Burfaee of th*^ J-incli 
plfit« iron boll. Mil, .jirou;,']! wlll^■.ll .iiiii lliiitii|j;]i til*- iiijiin 
iiAiti^. iLifi utiiicr tru^-siug bar, t!ie wiiciin ure iii.*itci*o.i 
by fix li iiii'ii \y>]i», acciirntely tunicil and driven into 
carel'jlly rrriinoi hules^ This Jlftn^? by wh^rh the cylin<li'r 
is thus biitt^ii, turas 'd[t also for iiftirly 1* mi-l'ieb upon the 
aide of the ituioke-box, to which it ia aieo linuiy boitvd. 
The valve faoe of Uie cylinder extends to and unites with 
this llange, and the oteum aiul ex haunt |iaiuiii^ |auui 
through it, w> that the whole ciwting is r«nd«re<i very 
Blill The cj linder Dwtening of the Norri* engines is much 
Uie same, excepting tluit the smoko-liox l>ottom is formed 
by a heavy cast-iron plate, with verticai flanges turned up 
on tiie iiudde ofthe amoke-box. 

With the round vuioke-box of | inch irun. the "saddle" 
MB{ilayed for l^iti-mng the cylinderti iu Maton's en^'iues 
is strong, and is not objectionably heavy. This saddle is 
a kind of cast-iron box, fitting lietween the fnuiie lain 
and to the curve of the smokc-liox, tu which it is l>olt«il 
Tlie saddle rests upon, and is planwl Hu«h to the top of tlte 
trameaa well as to its ooter edges, whiUt a ftange ia turned 
down ftm the under side of the saddle and planed to tit 
tbemnenideeof tJieframa. ThecgrlindarLi 
lMllidtotl»0Bt«t«tfetlCMa«rdifacMtiiv.«ai<«luD4b 



■ bMMl kOlimM AngSlll»to»«Hlt on iU upper «h>- 
faok Al tiM btMPinr MtIwm MW MWrately planed to 
■idb Otbar, imn to inHi, no chippiQf piHM htktg Had. 
Tlw adiawt-paaiages fnMO tlie cylindtn flBOllWMd 
thrangli Mm m<HIi to tlw faottoni of the MBok»bo& Thm 
waigU of tliii nUU, in the rough, for an ordinuy Mfb 
lowtrauga eogiiMi, ie about 1000 pouBik. The iattaaii^ 
adopted in Oanrortfa, Cooke, b Co.'* angiiMi ie aoatevbat 
limiler, Ibe principal dilfereBce l>eiii|f in tiM poeltion of 
tbe bearing surfaovs. It la siiowa in PUto XLVI* la 
the e>ni>iDes by the Schenectady Iia«0«Mtl«l» Wg(fc% tlw 
siaok»' box is round. ao<i the soildle^ wUth fito to iltudlf 
side rests upon the fhune, and tami down » Ttrticd flaqg* 
about 6 ioehee high. 00 aaeb nda The cylindan an fii»- 
tennd to tli«se flanges, and through a curved flange or 
a(kron to the Riuoke-U>x, without touching at any point 
upon tlie frame. In the eugineit by Baldwin & Co., and 
by tlie LnnoMter Lcwmnotive Works, the »inok«-box is 
alio round but do suldle is used, tbe cylin li-r^ f»ing Iwlt*! 
to the frame and through a brood ourvc^i tlnnj,^ oa each 
directly to tlie ^tiv>Ic-j l:«>x— each tUoge of the cylinder 
covering, in bij ul< auws, oa-i (quarter of the whole cylin- 
drical siirt-i,.* ol" tbe smoko-b-j.^ This pLin r^^^'iiiet, o'>n- 
aiderabU- tj-.tin,;. an-i luvjlves neaily ili luucli WMy;it. as 
the saiIdLL\ Tli« iviund aiii ike Iio.v is ]>ivtL*n»t'Ie U> tlmt 
with fl-it Mib'S t>*-iri-:,' Htrnn^rfr jiti-1 cKjM-rmivt; til Qoa- 

St-riii-tiim, wliil :r- I 11 :U -iimlltir c'jip;ij:.Lv lln; Ttrin-^r 
ba->lv [M »^-**.-^.i_^ iin ii ivunf.iL.'"'! r'tsjwi-t ^>r •inlll^'llt, 

hi- v,.Ty unuKUal to fn -i- -1 : ; viiivlvrH l-i tlio lr,unin(; 
only, tixctipting in the irisij.i . ylimk-r eu^imw, f-jrmeriy 
but now no longer built in the I'ait-i 1 Sr.At':% 

The axl«-(raards or [leda^talii, m hoi been stated, are 
usually \tvl<icrl, ultb<iugh they are iiomeliinea bolted, to 
the inauia rrjiim*. In the «le**p »iUb fnuue they are forget] 
in M^lifl. Tbir wrjirin;.; nr** iniftile U|k»€I Wbdgul 

fasteiwttl in l-v b Itn, and t'lirtJuT i-ontiiiixl by tlie fliui^i^ 
of tin- ax^.'-Uixi^s ThoM.- ■n-ii to take up w<uir of 
tl'ji' boxv"^, iirt: uimrtst intii-vfK-n^ili^c in otMif^.ii i_Mi^ini?.s. 
Tliyir wtja.'iiiif fturfiV-'tK arc- bt_«5t w1.,_ti t'M.-y r^r>- iiii-io ot' 
cast iron, aj thn fm-,-* of W70Ug!it-ii'on axle gnir-is are 
liable, uniaii ,.t I -.i-t > im bi s wide, to be rapi>by .r t , .,_ 1 
by wear. 'I'tn* ai mngduieiil <il'[i«deetal4 and h^^St-s Uvioptt^d 
iu Mav; r:ii;:iif-!4 prestents aevemi u'^-i fttature-t Tli^ 
legM ui tile jK;(li^st.-il;i are .-tav 3J iiti-hf;! wnie. .*inl are pro- 
tected on eitrb iiini-r t'aci* iy a i>-L-.^i-iron wt-,li;i- r-r .vboo, 
having flan;,'i:s euibrai-ing b.itii m.li-ii o: liu* [1^ ii--ibi'., and 
presenting a we^irin;^ fiiJ>:- .> :tn,'liL'.« wide Tlio tlin^i^; o( 
tlie axle-box are eitltuded upward so as cum|i!ololy ti 
indine the o|>ening lietweria it and the under lii Ie I tlie 
frame, and to supfHirt a short roller above, on which the 
spring, however inclinol, always has a fair liearing. 

Id franMss the utiifness of which is <Iependent on so great 
a number of bolts, it is necessary that thew should be 
lu.'ide, as they invariably are in the host examples, to 
accurately tit tlieir holea, which are carefully reamed to 
receive tliein. In Mason's enginei, lite viu-inus parls of 
the fminc are pUneil to fit each otber. It ix u.4ual, with 
■averal builders, to forge the truM ban aolid with tbe ntt 
ofthe fnme, tbe only partis in mek tnm, requiring to b* 
(listened by bolts being tbe oaoipa manm the bottoms of 
tlie pedestals. 

The traok or bq^ fanw at the anpna b umnlly made 
With laiidc jooninli mdy ; oemdoatOf wiU both iuid* 
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an<i fliit*i<l#. ami very rnr-'iy with nubii.li' joiimaN nnly. 
Tltfi |iriii<riptti inftiit>eT of the frutijtj j.h n rpctan^^Ur h>»W 
Inr'-i^l friui a Wr ♦ iiiclies by l( ini^h, to the andcr ".i ii- 
of which wrought ir r:vit iron kncm are b>;i!t*d »t f-r ■]m?i 
distuKXs to fnma th'- nxlc ;^jardB, these bein^; cj us^wd by 
K bar connectint; their luwer ends, as in th>^ ujitin fraiue. 
Ths futwarj end of tite en^^ne beini; c»rri«l ii%ua!ly upon 
tlje ct^iitre of the truck -frtin«*, thi? crtH« him e»rryiujr Um; 
ty.'iitr:il pintli- busbiii^' ar« f»ntt.Tililv tni.^>»*il ul.vj. Wlirrc 
lutth 'tom'\f nn<l out>i<b* jr.nmnN aiv iip]-li'*i]. Ilu* unAt^r 
tmrain^ bar ia exb?ri'.ii-!| w thnt it* eii'l* rnivy Iv^ir on tin' 
outer sprinc^, 11:1 in 1 lAi.for'-li dok'. LV? eii^uif. Pin-..' 
XLVI.* Tli^ III,'.] in' ' ij ■.11 1 byx>nn">tiveft n->w iti^ip 
in the T'^nit^fi StaCcn h.i\e c*?iiLre l«^.fcriri-^' tni 'kw, the Inaii 
bcin;» C-aiTir"!. bnwf\cr, n[wr:i n brunt] ftiit. inn-ulnr ttml 
from 8 t*^ 12 in -in-s in tliaiTirtcr ami imlv mrtOs' uj^^it a 
bftll. 'V\ir nbjfi'licn 1.0 tlir t'Aflirr fornix nt n:t]r-}>^^^T^xv^ 
track, was that they would not swivel easily on stnltin^ 
ciir^-M, owinf; to the friction of the b«Aring sarfacea^ and 
thr lr*ri-rai:»» of thi* friHion st *iuch a (>>nHiderable diManoe 
frnrn t h(» ii*ntri-_ In Mji.h.ui'n t-nt;inr:«, lixwfver, and for- 
merly in Ihiiw l.y the Bmton lx>eomotivi> Works, the 
main fiaminjj of thi; eni^ne rests ujwn each sid« of tHo 
truck thr<>U|;h the intervention of a sejjroentAl roller of 
considerable rmliua, the lower end or axis of this roller 
bmg eoMMoled to (be frame or directly to tba springs. 
VMb ^ pravtatoa, Um (Me-beMrinfr tmck twivek with 
BTMt mat, Thm CMitra-bwring track «|nliSM^ however, 
the weittfat of the frmtem) of Um mtffa* opon «Mk of the 
track wheels, ersa if one or more Ina mok in J ep w e si oa 
at the joints of the rail* or ekewhersi. At tbe mm time, 
wfaierK'ver tbe driving wheall on one aide may have sunk 
tenijxinu-ily into xiirli k llUMMilllll. the wnire l^iiriiiL; 
tmdt dues not fully support the enpne in level, and tliua 
thet« is a tendency to rolling. With tbe iide-bearing 
track, howerer. tbe distribntion of weight upon tbe track 
wheeb would be disturbed whenever one sunk below tjie 
(rthm The aenti»-baariDg ene ag waeiit i* |ii«ten«d opon 
t^i- whol«>, and in tenden alao wWk • tniek finoM mider 
«mIi end, that next the engine is nsna% made «mta« 
bMating. to the {mswngcr and freij^t oat, the traekl 
hm almoet al ways outside joomab^ Mid tmHuUf ttHf 
ibair load upon their sides. 

In BIbmU'i track, whieh hm bm islMdQMd Tfm 
mrmi Iiimb, awivalliiig (afcw plaoe ■rvnod • Jebt Aa- 
~ mnlftttbahliidtlMHMlnbeK. Ttntnwtftim 
I ib iMd ««» hi MBlHh Ml hH Iba aMU (tatb br 
iAHbttiidrif«DftniMd«ia«ha«i|^ Tba Und* 

ffUDMltd faj'twoliari- 
iwilbaairballi^KltMJaitlbrward of 
tba nah ditviqg ask Wbw tta im ^ im ii numing 
abngnataai^ Ba^tto km «f <b» MaH«|Ma«bUb 
UwwrigUiabiin^kiUifhalnikilMdqr; batmantaN 
i^g » earrc ft lUdaa laltnQf mm Atfi indiDed planes 
b» fljajwala jart nARad tt^ On adia Hkm^ a<ijust- 

■atethaewv*; wfatnaaiattaaadtaaijIraAtiwdriviug 
aileawMld b« fbntd into a poritian AtSgrwitfroM tJiat 
I tba^maU naitanll^atMBa in k«m» Uracka 



to nut 

«■ ilnfgto Ibmaul irifb««HidMabl7i 
«baa tba aomaMD awifalHBgtMAa. 



nf Atrwricaii engineH s.-ff ulwrnys Kwt. entin'ty open at lutii 
fiul--^, tli« Ijirnrini; ."enrfucr ol the aii'ern boinj^ always <Ait 
i>idi' nf tb'' coiint<Tt«>r<.' It may Iwi remarkeii. that U-><iini!v 
in English eni»inoi th'^ hind end of the cylinilir i^ |nr 
tially covered by an iut*?riial tlaTi'^t-, ib« c^jvfirn^ l»cing 
doMcd by a sniall cttver, the bearinij; MuHnrrc of which is 
not unfiwjuently ma<je on the iniidu nf thf internal flantnj 
— the \:o\er ^^iw^ xeviMt] Lbruut^ii tbn rvlin'ier fWwn its 

front eliil l:i A:m--ii mm i iijirifs, fhr ♦tnink'' ni'M-T 

&u<t4'ni*>l l^' ihft ann'ilar fUn^»"< at the cyiind^rr t»ti l-i, wliM-b 
Ihrri'fnri' «rf turned on the outside to correspon i w ill t l r 
'•<]^<v <:,( the pivm. from which thev are uppumt- I hIlimi 
4 inch onlv. The sti3aiJi-el:.:-*.^H i-.i.- '.fwt- hliT v^u .U- .vfii 
the cyliiiiiers, but ar>^ rniiiiti .^piirnt«'ly and f^w^^^rnl^i, bv 
\h'Aio or li'^r'ew-Htudt, t) niiiktt h i;nmn:l, BrrafM-.!, Irad r.r 
c>tp|M-r ^I'int on tbe upfK^r sid*? of ibr r>-]in«ir'r, Tlie 
ujicitxiij^' U>r tlie iwliiiivaon of !itr-.-\m \s t,'**iwtrally fn*'!*^ 
in the oa^ting of tl^e r>-l:rnlrtr it>ic1t, tbfj steftin entering; 
the stmm-ciiest (valve- bi'x) thnii'-h a r<H-t(in-;;ul ar port, 
parallel with and cnntijjiiu'js t/i the bind iiidiietinri jiort. 
lu all tbr^- re^jiei-lH th« cyLindrr^ ditfrr from tiiiw* tjf 
Engliiih engine. The tlangea for fastening the (!)'lindflT 
to Uic snioko-lwx nnd fraiw have been alres'ly doscrilwd. 
In one or two mxex, both cylinders, for inside-cylinder 
engines, have been cast toRetlier With a cylinder-fitoa 
of bard iron, cast-iron valves, scraped on the wearing sur- 
hm. work well, even on the variable throws of the link- 
motion. On the re introilttctiiin of tbe link, in IHoQ, it 
was feared that the valve, by working variou«ly with dif- 
ferent aoioante of travel, would wear tbe cylimler-fnce 
coneavely. To guard against this suppoeed diHicnlty, a 
sheet of steel, with tbe openings for the porta properly eat 
through, wiLtat one tiiue screwed to the cylinder.&at^ and 
the vnlvo was made of hanl brass. Tlte pmportiona of 
tbe valves and ports ditfta- b^it little frma those whiah 
prevail in English engines with link-motiaa, and will be 
mentioned more particularly under tJie bead of Va]v«-gear. 
It nwy be atatod here, however, that in all Amertciui 
engines, tba aiyurtawnt of tbe valvM i» aaeh as to give a 
for at least 90 per oent of the atmkr, 
in Bn]{liib |iamiinniii eogines tlie valves are nut 
■pd to ant off, whilst working at their 
gnata* Hmaiflrtnaal, at two-thirds of tbe atrokK 
Tht tliiMMbHH M liw baan abnady rtatad, an fta- 
to fhi (^Oadirbgr Mkik «r am pmpaily bgr I 
toiyad bdo tha<grlBd»<kMii b«fta« fti 
M a band, Um bMiaK arirUah it aniBliiteNa to 
tba upper aorlhee of the cbei*. These studs srapMieagad, 
at tbiir apptr «id% to pMi thiongh the a 
which k fl«taBMl a* vmX I7 aato adth < 
nenth. b ainna at BaMwIara amlMi finr bote aat^ 
need for fimterning tba liMM lllltl^ tbt iMta <f which ar>^ 
very deep and ati<B^ aid lfaaoaff«r«r«Uth It Wry heavy. 
Witb tbawtybiy chaiHiaqaiwaftrthalMfB'wIwa 
of Hafc-wotfam eoginee, as naay ni ■wtun bgtowa md 
for fastening the cbrst and Wm, Um Mil UHag ntnfy 
more than 4| iDcbss apart tnm MSln to MrtW W<m 
tbeee boUa^ pnao^ as they muBf d» iritUa tba obal^ 
exposed to tba aleain, they woald begoma eomdad or 
abraded by the enmntt to whidt they would be ecpeaad 
On tbie aeoouat ih»j are made to pM* tiuo«igb mitaUa 
shield* in the ataiiw liil lanlajt. m liom in fkm. la 
HataXLTIL* 
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b tta (Mtf«q|l)M hilling «ffi>nto«VMMlt»nlTM 
— VMy ftnr of vhicb, tunniTBr, tra sow mid* is Araericn 
— tiMM aro worked either directly upM tfat iMck of tlic 
nam Tmlve, or upoa a plate witii poi^ ^'''■'"g a parti- 
tiasMacBtksrtaaiiMheBt. Whn imUaf «d the back 
of fkt uu «d*i% di» wnmiflMii la mm MHijr iiutaD- 
taoaooi and «t * Im dirfanoe from the piitoo. The vear 
MiPMB tkt vorUaf-fiuM, m alto vpoa that of ttw 
cgrlindar, ia «ft«n aggimtiit I w ww M, Iqr tU* amuige- 
■Mu^ aapaaaily with eait-inm vabaai In the angines by 
UiaClgPBhqga CSaai|iany, the main valves bava faiaM hioea, 
tha natal of whioii is very hanl, aod u|ioa whieh the iron 
backs are caaL To hrilitato the grindiog of Ute joint*, 
the itcam-dHati were formeriy ntade circular by eome 
builders, the fasteniD^ io tbc cylinder being the same im 
liae been described for tlio ordinary cbc«t«i So. also, the 
separata azpanaion valve was for a loni; time placed in n 
separate cl^t in the engioee made at the iioatoa l/mx>- 
motive Worka The cylinders and ataam-ofaesta ar« in 
nearly all oa!w« entirely coven^^ with Ruana iron or bright 
hnus. The latter innlj-rial is m)t only hifjbly unuimcntnl, 
but it nulia(«» very littlu Liiii, and thr labour of keeping 
it oleoii is nincli hv%*i thAti mii^lit bo ima^jim^iL 

Pixtcii-t (Hi'! ruck'.ii;/. — The form of jiL-toii u;uiu in 
Ameri.sin cDginea, conaista of a ctLit-inni lir.ily witli ;i niver 
or fjllower iastened by four or live .-^i^ri'w Im.Ii.s, uml li.ivini^ 
■ .\ I I ; . Lis* packing rings cut open, ent-'i r\i '■■nr. ].;/iiit i^nly, 
and 6t-t out by four or five iimaU «prini,n, juljn .t;i' l.j l.y 
set screw*. Thv brivsi rings are either Iincl .-iri un i thi-ir 
circnmfrrenoc. or are elso plu^j^ed with Duhliltt nn-UU. 
TLi-y lire cut open ijlu^juu.jlly, :i riii^' nf cjlsI. or 

w n in;hfc iron, ^ incli tliii:!. ami cut ojien til or,c point 
I'tiiy, ia [jluc-wi williiii iIkuo t > rtMativo and communicate 
the piesaiu-e of lljo springis to i'Xc1ikI<j stoam from tht? 
body of Uie pinton, The only t:xamp> r.{ tLe luigliMi 
wedge packing rings existing, fu the knowledgi; of 
the author goes, in tlie United States ix in an ongin-i 
built by Mr T. B. Qiiin-Vy for tlsc BoOefontafne fiml 
tri. liana Ilailrrja..). Corliis ami Nic;V.tin;;alt. ofriovijf-ntv, 
R 1., a])(il;i-i, in a ft'W casi;* in locouwjtives, ami very 
;;en<'rniiy in tliiir staliouiuy engiut-t, a form of piston in 
whii^li tti-j inner expanding ring wiu first made as a stout 
L^uHt^iron hcHjp, which was afterwards cut by alteruaU- 
iilots on the outnde and inside, so that tlte remaining [lor- 
tion had a zigzag direction throughout iU ouuriie, it (wing 
finally cut open and expanded by a single weilge nt one 
poinL Thi» fonn '^f ri|ianding pi*tou ring hn.i ruccntly 
been patented by Itatei, York. Si Parkin, of Shnfficld. 
£ngiaod. In a I'eu- lULstts, wrought-iron locomotive pistons 
have been made of the common form, the advantage being 
a saving of dUturbing weighL Cast-iroii (■at-kini; rings, 
even when lined with Babbitt's metal, have h. ;ilnioit 
invariaUy found to cut the bore of the tylin i r S. lf- 
uljasting paekiag rings have, it ia belieTed, never b.^^i 
att«mpt«d fat JUnerioan engine)^ the iuar«t approocL 
^">g sn arrangeinent whereby tha riap an aspaiuied 
by means of a oonical central baK ttghfaand thnqgh a 
■nail dpnuag in thaqriindw ww. 

Tha fBch% if «ha pMm-rad i» ntOy othar than 



*_WlMa Ifes *lMli^ b used, exmpting aaij when sbMl 
■WW is ■ a i miM ^ite w a n sa Mi i s i fa eas e< egpyer aadttaealy, 
•W^FsiNrtiMsMac* <«ks taosr ts I cflkt MM. 



henpk aUhnqih whiimr and > nmUMn yadkigf haa 
beealmdtoaamraai«amll«i]MUpeHk tttthalmttaBi 
of the atafBjg-box ia placed » Lonss MatoHIc ring, sumwuJ- 
ing but ant tomhing tha piatoo-nid TUa liag iaboiid 
c»it«aiJed|y.aoa»to bawa nna i iHwihl ylMgir optaiBc 
•tiiaaattcthaaat ili fauir aiiA llina nr nem cott* 
poaitioa riapk aadi col open at m point, and tttOag 
tiamtjKmmA tha pMim-ra^ <n yfaMtd tat alum tha 
•ihirillthiu the ring just dMCilMtte OMeoufaiai b«« of 
which the lUKikiog rings ara «C aoBaa tnrasd. .Aatha 
gland or followar of tha atafltag-haKiaMnitied Vf, tbmm 
nogs ars tigfataaad anmd (he lod. Tha ontar riac doaa 
not quita fill tha bon of tha atafiaf^ws. and the ghad ia 
bored out somawhat burgar than the piston-rod, to iliat 
the ringx, whieh are ground ateam-tigbt on their edges, 
can "go and come" with the piston-rod, whenever its 
own axis is not coincidrat with that ofUie cylinder. Tha 
rings ore made of a composition of 9 tin t« I of copper — 
|>rojiortiauji tha reverss of those of good box-metal — and 
the pisUtu rcid must be made perfectly Kmooth to raoeiTe 
thcm. 

GunU-Bari, Cni-t-luaulM, unit Conneethvi- mdti. — The 
guide-tiars .'ire ;L'e:ii'ri])y flat, four Ui eiwfi erit«*-li''4id. 
They are gtncralJy of iron, and where mt^aJea to take 
the wear of outt-iron cra»-bead blocks, are not ciue-har- 
deneil. With bnus blocks or " gilis," the bars ara either 
\ii>^:'-liardened or lo-i'li* of tU't-l. Tlir* Imrn un- tii-'<L<':ii;il ut 
':iii<_' end to oii the L'yliri 3er iMver. ami at the ^-tlier to 
:i ^uiLili> st iti-I Hj yitke. thrriu^jti wliijli tiie e"jrint>jt.iDg- 
r<j<J wiir);.'*- Tlir uso.il vviiHh of each liar ii :t i:i,:Uea; at 
the .*<.'li>Tiei:'.ivily I.ix'ouinlive Works, i \:\::h■^-^ is allowml 
for boivy eii;,'iiie.«. u wtilUi which, wiih ( I.h Vk I iJ inchcK 
Ion /. (,'iveB «pian! inches of wiviriiu n-i. on thu 
U|i;.»jr. nil ; the Kvme on the lower j,niiile-l;uri W I. ere no 
i;il.s ;i I . II.' li ved in the croas-heail I'lrcko, ' M!iiiii.<" or 
tlii.'k.iif.^!i |iiM>.^a of ulieet-tin oroopjitir are int'TTposi-.l umJcr 
tlh- eniis 'f tli'i lev."-?;, wioTi- tiitiy ."vni f.^.■^l«Mll^i (/> tfh.tir 

^uvjiorL^. .'V^ tlif ■-r,i^v4-bett<l wearn, the removal ol'^ino or 
neire ft' tie ■■' ,1- j' - at each end bringn tbo ;|;mJu-hari a 
trilla nei&rej to^etljer. Formerly square, round, hexa- 
gonal, luid even (xitagonal tiani, variously of wrought and 
cast iron, were used. In some owes, as in Wiiian«', and 
also in Baldwin's earlier cngincH, but a single guide-bar 
is uied fur each piston- rod. 1 n thoae of Baldwin's «"g'"^ 
referred to, the xingle giiide-lnr wa-t of aaat tmia, han* 
gonal io st'ction, and bored out to form a pumtx 

The crcnB-hoa<ls are almost always of ci'=t i ri in , with tha 
wrist pin cast in. This pin is tam»i one half at a tiai% 
and tinished by hliog. The blocks, cast solid with tha 
rest, have been for a long time suoceasfolly uasd ia aoOM 
of tlie beet mokes of engines, altliough when the irnailug 
surface!) are prolactad bj brass "gilxt" the reault is mora 
MktL:ilact<3ry. WrMlgfat'ilOa cresa heaiLi of the fonn usual 
in KnglLih enginm, were ado[it<»l in all the engines mads 
by the Locks and Canals Company, but for the last few 
yean thqr have been used only in a very few cases where 
it was deamad aapedaUy desirable to re-iuce the disturb- 
ioig wai^t Weta it not for the small diameter of the 
track -wheel*, whereby the guide-bars am lie placcil above 
tlMn,«vaD, in mo&t cases, witli Invrl cylinders, the doubla 
^guidas ooold not 1>e iu«eil in outsido-cylinder cnginaa 
anipi by greatly «-g tha eraak-pina, and thus 
iridnfav tha iBataaea at wUeh (ha pwar ii applied 
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to^iie-.Ttivelv to the two Milrfi of 1111? eiit;iiie. la Mason's 
cDgiii, PluU) XLVII*., Ill* ftxin of ite cro8»-bea<l bloiia 
is)i!ii<'.>l M>:j>bsvhnt above tbatoCaspMOMOd, tlMbtttcr 

to I'liMr tire liuck-wh«el9, 

TIli' (riiuiii-'ctinj^-rcKis ut Aitierican Icicoiiiotivw nrv only 
i-ttl-i'ly Ifjvi tli-.iu .'Sj Liiiif.s tl.n li;nt,'th of the stroke Tlwy 
:ir<' in (ilrr.iist nil in.'u-:* titt*^l with ?(Lnijw, l:*ilt^. iiii i keys 
itt liotb riiil.v Iti funu, tliey art) siliiHwl nuuW, as 

in En^Usli -.'iiKin-^ Hat on 
tbeir si-Jes, tlii^ii tJijes being 
rouU'leiL In rittinj;; tho 

the iiutrr half at tbe croas- 

«ml havf iilways w^uare 
■■.iiil.i, nai tlicir tluii;.'<'-i I'ro- 
jcct b.jtli bidiv, t^) t.lu^ full 
width of tho otrap Thr 
bozca are thus l.M m'.ich 
more atdOLuiy auil wiuir much 
better thun w hti tf their eniis 
are uvul nr ixrtiiijuini] aiiil 
their lltiDfren namiw. Two bolts, secure<l t y miti aud 
oheck-nutis ustxi to futen eadi i>tra|>. An iron or 
stool pUto with » raiiwst rib on ibt bitok, rtH\!iv« and 
oommanicatoi tho prvsBurv of tho Kfy, tlau i^lv'uig a 
wide bearing on tho back of tho btjx, with ii lliia key — 
avoiding the cutting of tbe key, by ita ovm prcjttiire, iulv> 
th4- Iwx, Md aToiding also the weakening of the strap, 
whicli wwdd nmlt ftom the u« of a very thick ke)-. 
TIm odl-cap* at« roomy cellars of brasH or iron, fiistonod 
the boxes, and oomiuuuicsiting therewith by 
of a a)7ihon-wick. For the wujJing or parallel 
nd», nearly the same arrangemeot of boxea, straps bolta, 

$n cut to £ui'jii ftdoM 



the crank-piiw rxcnwivcly. Tn aonie engines maili- hy 
Jtoj^m, Ketchum, acJ Gninvenor tlic strap at the forwurd 
end of tlie coupling rod vrns iiml n^' I i iii (itttsi with 
Ixixt^ t/-t nKjeive a piu formed m Li ' ii^ify-handle,' at tho 
I'liil III' tlii^ nuiin riHl. Thu.H the [iiain c- : niiectiiii; rod vaa at- 
tJUv^btii, si^y + in^zbttt* itt lr<>iit of the craiik pin, aud iijthougli 
thij amuigcnMiut involved lui iiidiri'L-t ntniin mi tiit^ hoitu 
of tba oonneoting rod, it wotked very wvli in ])riicitce. 




at 




1 



it the 



tmni y«n tgo Iqr Mr. 



I OiBinfainniiMtliv Md pndM 
I in (fcawM Um^ww to ladoM tba strain on tbe 
E-|iin ud to dilBiniib the dUnUag iraigbL In 
fManiHfpnml % pio «w tenad on dw oatar aid of 
tiMBwhi floaBcoteg rod ttn^aad to tU> dw parallel 
ndVMCOUUtM. Tlilt ■iiMifniiiiiit wMlwd.liwuii li 
M tlM vibaliogi of dwnia n4 fha dirtHm bttween 
I iif fli> taro piiii rfwhwh ■■■ JIllMl nly 
I -^riwk mi il3l nam^ the 
. OB 4W nda «f (be engina, whilat 
HwlMlag Imgttand m llM«ttNr,UitNl)y •tnining 



In some of Mason's engines a more elegiuii nrrnrigi^niifiii 
baa been adopted. The forward crank-pin wan inaile 
Minewbat longer th»D utuai, and the l>oxo* fitted upon 
it woro turncid for nbovt iaehes of their length on tJio 
{■in, iqvtre thick flongw being left on the enda. The end 
oTUm anin rod was forked aiid grasped by iu etrape, the 
Bqtiare portions on the ends of the bojtea, the usual keys 
aod boils being eniployed, whilst tho end of the |iarallel 
nxl cnclrcletl and worke<l upon tho round part vS the 
bnuHML The end of tlie [larallel rod had tb« UMikl itrap 
and bolU, but only a half box of wrought-irDO aa one lid* 
of tiM lfM% a* ianv MihM «f a* itaap midqg itt (Im 
oHicr. 

la Mne of BqpM* aaginei (b« oonnooting rods have 
been iirst formed flat, and 



CLil 



a scniidrcuhir gnjove afler- 
vaida planed out <>f each 
■id*^ tku reducing tbe bar 
to an extremely light bat 
stilf section. Tbe generaQy 
great length of tho OMI> 
iiecting rodn of AnMriow 
engines seldom l«m thu 
7 feet Iwtween oentrat^ 
makes tha gnotaat redwK 
tioD of weight impottanl 
Daalbrth, Oook^ U On. 



have in gome of _ 

A-iiMl>filMtoii«i,«ildad«poiMiBd*fciniagtoo],a0Mto 
mate ft MDovlMaii Oa 
in. InWiMiuri 
iMr^tiioaidiartia 1^ 
upon tbaa^ vitt aloil bwWngi laaidato mik apos Ilia 
crank-pioa, wUA wogaaaiaJiyea n H a idnJi Oc piot ae ta d 
with a abaat of 8te«I welded aiMadttoB to tatefho vnw. 

Pwmfw.— Tbe pumps of AuMkOB loeoMtfm OM uam 
almoat inwiiaUjr aap|iliad «itk air ahanbit^ oa bath 
their iataiBg and aoation aidaa, Hw far, aa aAo aK> 
d, tbat tJie air in the air tcmIb vnald ffU^ 
beeoBoadanatcd. a|>pean, frout expaii —to maawitk 
glaaa-ifaaaib tad alaa ikon gMand ptwdoe^ to l» alto* 
geUutiuftaadid. Wiih > »mMi»b af owdaaaaJ air, tte 
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Aaaaaoks looouotite&. 



auction and <lelivery are very inurli safUfiitil, wi U'> fpN^k ; 
the pump liiirrel '^tillrt" without ililTu-ulty "it fviTv stroke, 
«iv<:n with li... -itr ' [imijw, wlinOi orr niiw ftluiL'st 
dtcliwivi-ly UiM^i )n aii (-i^i^uifs* huilL in tbo Uniuetl StAUK. 
Tbo prmnnrti within tli^- p^unip. when forcini;, muiit, at the 
commeDOcracnt nf rwh stroke, be con«iJerably trr«»t«r 
than in the bnih'r, innsTiiUL'h u the area of t]iv u;t{jer 
sides ot the <j>Miv>?ry aaii ctuok valvas (clacks), upon 
which tha t«ikr ]<ri»aure ia exerteil, la couiiitlerably luure 
tliau like area oi' tUeir under iitiJea, agiiiiuit which (h« 
|>utup must act to civercotue thai jirewninx At ishiw 
itpiseiU, the water, when fimxtl throuL'h n glaiw air-vctecL 
rciac l« within a)><>ut two indiiM of the top, each stroke of 
tlio pntnp being shown by a coiui<lerable pulsation on 
the miimv of Out w»t«r. At quick »pee<l8, however, the 
water in the air-TFoiwl fell three or four iochea, a short 
column being »hot up in the centre at each »truke. TI>ere 
oouUl be DO doubt Uiat the absorption, by aa elaitio euabion 
ofh^Uy ooodenaad air, of the ilioeka tbua geoentad wm 
tlie ateaa* of glMtl/ rdivving tho pipe*. riXvm, ud jouta, 
a« well M oriamriqy fttteadier supply to the boiler. The 
t^iict of an air cbaalMroii tba ladioD nik of the pomp, 
that is to Bay, just bdow tiw inlet valve, 'u hardly leas 
I nliniqg tha feed pipe, it inaures 
rti » 



I i.tiif:~ wolkiiie at til'' 
jiliiti«*t exrluMively |ifef»-rrt' 



^t••■lko 




All CluiuLm iad Vai>m 



Um graatmt practicable admission of water to ibe pdtnp, 
vllielt, otlwnriaa, oagiA not, even with tlia widcat opsniog 
of (ke had oocka, draw suificienl water. Tba fint wa of 
ft Wiciion cfaamber on a loooiootiTe pomp is believed to 
have been made by Ur. Walter HK^ueen, now of the 
Schenectady Lccowotive Works, in 1845. H« aiiplied 
it to an eitgine which h« was them labBiUing fiir the 
Utioa and ^henectady Railitwd, and wad tat tiisvaael 
a piece of one of the old " Da Witt CliitMlli'' 4'iDch 
copper tubaa Although tlw lir Twwll M |pw»lly 
made, for the sake uf t|l|lMlMim^ rf hrWH 1tr IWIITur. 

cMt-uon, wbieh i» im tanm, ifpwB to munt the 



I'l ti)«t I'lMKin Ar»! 
tin<)er<^t>HMl tliiit it the air-veitMU wIu- h t-iMiMo 

hii> li I'liiiipM t-- w, rk Ju* Mjii-r^fu!!v «»* KliorV tiiro«' f^timfia 
of t-lie til ! , : m Is lui an- yi't usmmI oti Knyli-Ii 
eitt^iiiea. I ht* -trr «rii^'<^nM'-it ot' t^u' lull r<tr'>lsr pninps, air- 
ve!.*W ie, wilt in I'Ut.^. Xl-Vl* aiv.l XLVll*. 

■The t«rl*l of tlje piiiiip I-* ;;i'ni:rjilly i-l bramt, U\v ji^iriL'rr 
u solid bur iif wn u^'li: ir'Hi Thr \alvw aie gfnrv.illy 
of the nip f >riii, ii ill h o^'. 73. The rijw "f lh» vbIvcs ]k 
tcld'Kn UKin- th.^ii j i:Kh. and sometinio^, whilst ihe ruie 
of the inlet vaive i« rexlrit-'ted to Utat aniouiit, tiie delivery 
valve riMH only A iiieh and the etieck valve | inch. The 
feed pipes are huWtieii t'l the |>uinp by a ImII joint, and 
never by a tlat flange with boltn, n* in uxual in Kiti;laiul. 
11>ere is always provided aim a cock on the l>uiler, with 
niiall branch pi|iee lesding to each feed pipe, for the pur- 
pune uf admitting steam in winter, when the pumps wajr 
be in dinger of freezing, 'llirougb this eock alaoateaa 
nuiy lit- (uirir-d ihrrmgh tite fml pijMa into tbe lender, U» 
save tl.i' vi. aiM whicli would otherwise be btowD off hi 
standing at atatinna Feed-water ln-jil'-pi arc not niiini.ir- 
cnis. althouph several have lH»n tm^i a uli various degrees 
of Buooeea. tbo waste heat in tlie smoke-box being relied 
on in same, whdst in otbcn • portioB of tba awfcanali 
steam is taken trom tbe blast pi|iaa. Tbe connection of 
the pump widi tbe tender ■■ invariably by utewu ui' u 
flexible hose, generally of canvas and India rabbsr. with 
a coiled spring inside. The sliding tulies, witb Mljafart^ 
as usually arranged on £ngUah loeMBOtifi^ M Mew 
employed on American engines COT MMMtttlg th* pnafS 
witli the tender. .S-parate ataain pnnps "doak^ 
puin|K," have Wrn otUn projuaad, aad tbair nai wonlit 
probably Iw atU^nded witb coosiderabla ndwilail^ if » 
simple, compact, and durable pump oouM ba bad. Tboat 
witieb ba«e been ooeasioiumy tried ban i M tbawngfrowcl 
ef, Iba trouble of attendaDoa v|ian tbni bci^g to MHae 
extent an olijection to their use. 

IV'Aw{«, S/iriugn, d'o. — The drivii^ vbaali «f AmtriCMI 
engines are luade geaeralljr «f cM(-iron, with 1 4 or 1$ 
anii% although tbe driving «haal% af from 3) t» (atk 
in diameter, for goods- engine*, are loaMtimea of tbe ptato 
or disc form, such as that adopted (at tha trndc or cann- 
ing whrehi Considerable care ia Nqiliato to Biwanft An 
wheel casting from being strained in Tlw llltwil 

forms of diivii^ wbeal^ and tba ptnoairtiana <iNiir»iiii ia 
casttng, bava been alnndjr deanibad ndir tt» hMd <f 
"Materials." Beyond tllHa ddtlill of SMMAHtWIh thM 
are few stnictural paoniiachiM WtK thj flC MMl It i> 
laUifaGtaiy to kanv Um* wm^^Mm vMa Of dnd- 

niihad ii^ito aw b«iac 9>Ato>l7 M^tli^^ 
— > = — I ihtrimirtM^ !■ iiMriwn niw Alihwi^ 
tUeaatofaMtanriiiHfnMh gnntof thw ttatflT 
tba iattar,tlwndMlionarripl laUiaig' 
elaatid^, and (' 
breaking «qpMUl|r in yayoM malbm, wmju Itlkn 
preienUa iMteiU (T tlw tm. 

WiUi imperfiKi fiMiB|; tba irbHih wa bnmftj band 
out witb a tapering hakb tbaaadaf thaiKb fai^ tanfld 
u>«i)mqiand. Tha «h«d ma drivaB «b wilk T 



and afttf baiflig hii3fa^ an 
scrwnnd on tha antiidn lha 
looaa Mm it mild ha 



tnn plato waa 

-woold ofieo worlc 
nytbing wan 
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DKCULB or OONSfBDCKKSr. 



WTODR. It is now ! •• ■1:1,11,^- to l-aie tbe wln*el with 
a oylindricaj hoJe, wnii'tiiii'.a torciiip it thr. tix\r. \,y 
hydraulic prwunre prmdirnkd to sixty tutis, and to le«vc 
the end of the nxle. turned t'l ii nml fmisli, tlii di with or 
|«r<>jvctiiig oliglilly li»-yimd tli<- Ouii of tin- hub The holes 
for tlio OTunk-fniM nmst of omirse Le bured, so that they 
will have in both fjsira ot' wiieela the name, and prtiiwrly 
a right. .in;;l<> wttii each other. Tliiii in vahnuidy 
effected, Liul in w veral luootnotive fuctorica and railway 
re{Hkir i4hi>|H, a "<|uart«ring nuu^hinc," ko cnllod, is em- 
ployrd for Uio porposc. TIiIji is a Wring lathe with 
double lieadBtockft, the aides of each of which are inclined 
at an angle of 45' from the vertical axis of the machine. 
Upon tJie front side of one head-stoak, and on the bade 
aide of the other, a boring spindle is flx«d at My r«qtlii«il 
diiitance from the ceutren, and ttte driving whMll» ■Inady 
Ciatened upon the axle, htiag pai in plM^ are quidcly 
mm) ««cairat«iy bond Tba onuik-piii holes am gntnXty 
CMnterbored to a deptk of | or } an iadi, iato wMeli » 
Doillar, on ttw cBMlupin, m tank, Umn^ natirially is- 
nwiing the aanuUj cf it* AwtOkiDgi 

The grrat amouDi flf nuwpmdid or moo-ckntic waigbt, 
where caiit-inin driTiof whadaare vmti, and the rao|{h 
rigid eooditioa of the permanent way in the winter 
—MBlt^ eonpab the Ui>e of very tJiick tyrea Very few 
an pulon of lean tliickneaui than 2^ inelien; i'. iiii'hnt in 
more mBunon, n thickDci<ii of 3 inclHW is not unusual, 
•Ml flu th» K«w Twk aad Ena BaUwajr, m»h m^ma 
iMviiig C toM (of SHO Ito.) «B ft wiMd (lad «Ui ii M 
iiWHmllf iMftvy ptainftiaB ftr an AaMrioa angiM), flw 
l^mwiiiMnlatalynBdaatiBaliatkNk. bihahttv 
OH^ tha tjRB alNtdl^ h>wnn Iom^ m4 nqun lowwal 
wham tkyaw iwni >» » twtw to tticlniift Ttograt 
M» at mid bM Ut iaflMMt aba fat mwriiv «it ^rw. 
U «M fer ft kog tiiM MiloaMijr to maka tba i^rai of tha 
firont pair tt ooaifM drivfaig wheels (when, at oooim^ 
tb«i«inafttrMkftc«ard} vidHnit flangn, botaimi^ 
•Mt^jr it kai bMft feoiid thati with llaiigM on all tha ^rrea, 
Ihorcqoali^af diamtoriikallir pnitrvad, thftaif^ 
runs more steadily, ftftd tbs ftdhwioft fa apptna^jr MM- 
what gnuii^. At Ibt tm» tfana, ««irv«i of btm 600 to 
JflOO feet radiiM oaa kt tlBVaned as before. 

Ift the apriogs thna ia little perhaps that is peculiar. 
Tk» aoda of ■pnug mpendoa is aliova Tcry dearly in 
Am ■ma t jwIn w Anerieao eoginoii The wrall endH, 
M wnal in the apringa of Englieh engioea, are rarely met 
wHk, it b«ing muob cheaper to fbrin a flat aeat at each 
end of the spring, over which a looped strap or hanger ia 
passed and connected in the ordinary manner to the frame 
below. At that end of the spring which h ootini-ctcd to 
the eqnaludng beam, a slot in now very cnmmnnlv made 
tlirough tli« plate*, n fill t. licit. IivIol'; |iii>i=. ,| -.In i ;;!) and 
fitftenetl by a transvcm' kuy iibovo. Tiii-^ : nirM', 

weaken the spring to some extent S- ■ > ' . /.^ ,1 I nuts 
in any part of the spring: liiingiugs are in nnlt-ii, -m l-riu-^ 
liablf to break c-T jur lo.i»e. 

The "skeletuti Hj liij^',' wherein short thin pUtmare in- 
t«rp(x«ed h«twr»i n tin- ]iritK'lfiiU leaves, is more or low lused. 
Very little of tin' -itei-l njied in American engine ispringa 
is more than J ■ 1 nick, much is ^, ii rh only, and ocot- 
siooaily J inth pisti.t- fire uted throughout, ex..'e]itiiig f>r 
the back plate only. In order still furtlier to iiur/ea^ie the 
elaiticity of the spring-hanging, it ia beoooiing KiiDewiwI 



r L-.l- iri..iry |.i ;iil,'r: 1.! . k- if india rulilit-r 1-etween tbt 

fr OLi" Mill I ' e ■.! nip-. Vi .liill L' I lie outer rnil.^ of tlie Springs^ 
.llv .-,1 1 i : .n^'l i ri : I ij|"l<-n, the t-IJUahKing IcVer 

IB itwH' * lar^^n nynn^ ( Jr>-Jixiniijilly also, in engines with 
very large driving wlii-< ls nnd wi ln firulH .tcs. tlioRprings. 
in order to lie got out of the way, were placed either 
uo ier the axles (as they are sumetiniea, but not often, 
arrans;»i in English enfrinefi', nr else mounted liigh upon 
the u|ij»'r .^i<ira of the firel.ia. Either arrangement is 
very ohjoctionahle, as inviting lataral rulIiBg or the fiulnra 
of the pintlos by wkiak tka apriiv taka tbiir b«ftili« 
on the boxes. 

I Mention has been made of india-rubber and volnte 
•teol springs, oeiUier of which, however, aiw ever and fur 
h>Goiiiotive(, and very xanfy te tea dew thai r am biiaf 
confined to the cats. 

No draw-apring is ever applied between tlie engine and 
tender, and only in a very few instanoea is a dn«<4priag 
lixed on the hind end of the tender. The engine and 

I tender are cloae-coupled, and a cast-iron wedge i.H drawn 
by a tuTew upm a tajwriug (date, on the liuck lienin uf tho 
engine frame, aiul agiiiust the front lienm of the teiiilnr. 
so as to prevent olnck. 

Valve Qear. — ^Tho link-motion has been adopted in the 
praetiee of nearly all American locomotive miikent. With 
the exception of il« use in Mr Jainefi' engine, ox alrrady 
mentioned, the link was not applied in the United .State!* 
until ia 1M7, when Ur. H. W. Farley intrwlucwJ it. in 
the awpanded form, in an engine, tlia " Courier," which 
hft ma at thai tina building for thaBsataniBailnwd. In 
l«50bllKlhmaaaB<^adapta4thani|iended link to 
tha -Aautto" ftod "VmMs" tka Hvdm 

BtwRaaraML Iba akUtttg tfadc mm Mbmi Wil- 
liav M«Rk had, it fa (1Mb aniHad ttdB to a^^M irUcb 
he ant akiaad in IftH hot these wera employed feia- 
wntas wljr, rad ant fcr aapnaiva working. 

WUk fka agnaptioB af aaginM having kp-valvH af 
fixed throw a&d a^Rvtod to cat off at ooa-balf or two- 

Itlinda atmka— an anaqgiaiMt WUk wkbb H was difieolt 
to atart a tniin— tba aqwiato a ^p a a a fa ia valT% irarklB( 
aMar dirw^tly u]ion iha bask of tha main vah^ or aha 
Upon a doable ported partition aoroaa theataam-ehei^ was 
CBDetailyiMafamdpitortoabaatMfS; larmNllwaipi^ 
rata valva aolMy dbaaitoMd, to bolUiiv aaw aagiiM^ 
uniaiau. TkaatfaMtoasMrvdfawwpalMrttdbj 
LontaiMlNiiiifa|DeeHabsrS0tk,18nL WUhtkfavalv^ 
' wbidi eonid be readily thrown in aad Mt «f gsar, tha 
oiiual ]xiiut of suppression was at half stnk^ the nain 
• valve having also a alight la|k, Hay J ineh at eaoh end. In 
March. IttJO, Mr Ethan Rogers, of the Cuyabt^ Works, 
OeveLand, Ohio, oompletod an engine in which the etit- 
olT valve wad worked with an adjustable tlirow from a 
ciirve<i rocker-ann, and within a £aw weeks of the same 
tiTih' Mr. Hontcei (iray, of Boston, introduoed a similar 
arrajij^emcnt upim one of the eagiam working on the 
Fitchbnri; lUilrcad. Tin- " indejiendent viiriuble ,'ut :'1T" 
soon beo-.taio yt ry j^-iT'olar ; and with it a ininiinum aduiis- 
Kion of le-^ ; i.iiM I L't |» rr. ut If t:.i utr^'ke has aometinieo 
suflif-rd I'll liL-^l tr..u^-.. J'. It. 1.1 !u the Uinu in whirJi tbe 
sefuira'e cut-ntr lirid lav-n tlr>t. .niifdieil by Mr. Ethnn 
RiO^'ers, tli.it a I.eM nut loni; and, for the time, success- 
fully, tt^juinf^t tijo ljr.-:--iiii-[iiri then lieiiig tntr-iiiucvii an<J 
iai|>ivived by Mr. Ibomaa Kugen. The latter gentleman. 



Digitized by Google 



l&dix'ii, nt ibe inntanoe of Mr. C. C. Deonia, «uperint«nd<i«t 
of ttM £affiUa and Erie Railroaid, ooDrtmcted tat that line 
two powerful exprm engitu^ wlitniii tb« imiii ■nimm 
wwn wHind Uw link-OMitioa it ito Iwil Aitn, vhUit 
ihm van dw Mfnto ool^ c^tlila of mpprw- 
■ii«flM«l«matU]rtabeiigiator«lMitnka. Uwm 
tiwiBtaa«ioii,l7wioAi^iniiutilf«iaiteltaik-nolioa 
■ad tbo hMfajiwVwt «hM( to detennine wbiob of the 
two aimqfimnlt wot uoit Moaoniicid in raapeot of fbaL 
The anthor k aok AWMO tlllt uy very nocuralo «xp«ri- 
mcota were made, bat tlie en^nes aaheequenUy made for 
the tame lioe tind the llnl: i ti,,:i only. 

In nearly all AiDerlc;!.u liicjiiiotiveii, the steam-chest* 
are on the njifirr .liili'r* of the cylindon, aiiJ tho mMtioti of 
the eccentrics is communicatsil to tlin vftlviu through tlis 
intorventijii of rix-krr-oiiivfl.1 Tlii; sliif- i ];u'-: or thiil 
vrhiirh t» imule to rise or i&ll ia reversing, is geuariUly 
employed to the exclusion of the stationary or suspondoj 
link. The inaxiiiiuin a<lmia<ion of Kteam ia generally 
90 per cent of fall stixike. The earliest point of sap- 
presaion or mitiiiniini ndrni«<ion It aliout ^ per cent. 
To this end the valve has generally a maximum throw 
cf 4| to 6 inebos, with from i to } inch lap at encli 
md. The (tews -porta fat 15-inch cylinders, are rarely 
1m thM 14 indui Ung^ tad Uman. SUm Go, of 
GiMiiiiioy, OUob hMO nnao 18i-iag1i pgrti for thiit 
4linnfltw «f cgrUadar. Tlw widUi of pacta varias fima 
{ ineh to 1| iBdi Ar iadulioo, aad fton 8 tadm to 
H iadm fbr oxIwuL It wm htauOj ovtaoMij tp 
give i iadi inaido lap at eadt end of the vain, om ibr 
expren engines. In some of RogeiB, Ketcbmn, and Gmtt- 
Tenor'a enginin with but i inch inside lap on each aide, 
the exhaust wvh ilij'.iiywl, wi.eu cutUii'^' cH'iit UG ]riT cunt, 
of the stroke, to I7i indies of ii 22-inch stroke, but on tJie 
return stroke, tlie exiuuut wa.H inlernipUil ami (•oiiipn-^- 
nion commenced at 13J inches, or ivt 61 [wr cent of tlie 
fclrako- Ilt'ttcr Rti'ilti, it U thuuyht, art iiuw iiltJuiifii liy 
cutting out the tliroat of the valve to thu full width 
between the inner edgea of tho steam-fNirt/t, an i even, in 
some cases, by giving a (Jight inside claaranoe. 

The su-tpension of the link is determined respectively 
by each builder from triiU.t inaile upon audi proporttoos 
as he may have ixk^ted. Hence with some links the 
point of MMpenaiiDn ia ai the centre of the link both ver- 
tioallj and hnriinataHy, w otheni aa in Mason's en^oes, 
21 tDebM above ti«a oaoln, aod, la o4h«n aUll, at wioni 
dfaEKMH in flmrt or hMui Hn eMtn. Be^ too^ the 
mdius of tho oantn of Oa link, wUth ia in aomaoaaat 
exactly eqoal to tho diltaMa fion tbe eentn of tte 
eixxntric to the —ill of Ita lin^ ia in Others, as in the 
eoginei by tboTMHlton LoaOBOtivO KKBolbeturiug Com- 
pany, 2 incbeii nvore, and again, aa in the engines by the 
Ru-,^n< IjOi»mottve and Machine Works, 6i inches less 
than that distant', 

A-i r<!g«.rii« tlif nit^Mmnisni of tli-' link-motion, aa applied 
t ' ArmiTicriri e-iL;inc-i. thi- «'1k>1..' link i-. ;,n-!icr,iUy of wrought 
imn, f iritwii iu !i .lini;!'^ jiiei'i' nud c;i.->' hardene*! Thi' 
knnt'klc-joinls, or punt'- of connection of th'-' off nti.. 
r-Kit are generally on thi; back iiiiift, Ainl rarely at thy < :mIs 
of the link. Several builders, however, form the two 
at each link iu >ie|iarate pieces, lilted to;j^ther through 
dittaaoe-pieoes the ends. Oocaaiooally, aa in several 
onpaaa built by Mr. S«lh Wihwrth, of Beaton, the link 



i« a solid curved bar, grasped by a box to which the valve- 
rod is attached. Cast-iron links have been oocaMonally 
niad, and they have been found to wear very well. In 
the beet ekes of workmanship, the hoUathroi^ the link, 
wImo tta knnddajeiBlB am vadih an bodiad w% BtM), 
and ito boila throi«li the enda of tha aoeintriiKoai liaw 
fltaal thimWoM. TTie Utiles are alQI oemle w pi t ghted, by 
BOOM makers, with weights, but either a coiled, a volutin 
or an ordinary plate spring, is generally preferred, ttia 
spring being sometimes plaoe<l upon the fiiotboard as ia 
Mason V engines, anri in other instances near the tumUing- 
I shiit"t. 

! Tlje diiitribution of steu-n, witli lha Unk-tnollon, cannot 

I beconsidared as ftltoi,->3lin-r •.I'-.-ii i ii'; v. .m i '-av .-Vmerican 
buililers ha»l sulwtantia! ^ounai lor tl.o op^ ■siiion which 

! they mailo against its intrwltiction. Wlnl-.m-r :i ly 
the iietiml <'onsei|uenceo of compreasion. th-;re is evuienoe 
that, witli the link, tho 8t«)un in " wirw-Jrawn" to nn in- 
jurious extent, or to such an extent that tlie point of sap- 
preaaion must be delayed, and a portion of the advantage 
of ezpanaion surifloeil, owing to tlie r«<luoe<l preasure at 
wltieh the steam enters the cylinder. When catting off 
at tluea-eiigiitlii of tlie stroke, there are few American 
angint% with UnlE-inotioa, wherein tl>e steAm-port is 
opened to » garter width than j tnoh. Withal7-inah 
egriindar, M^Hh itroiwaBd MM wboal, going nnila* 
witiaiit, fhodiitonea made bf the pirton in that tinwia 
tMlhat With porta UindiaaloDg^ an opeoiag of lina^ 
irhan cutting off at thn»lbirll» of the atrok% roqiine • 
velocity of ingraoi of tin ateam of l8;t981iMt par adnnte 
to preserve upon the platon the full pressure of steam in the 
cheHt But with an opening of only J inch, when cutting 
otf at tlir«e-eic;hth9 Btroko, the velocity of entrance of the 
Btefim iiiiKt !.« h.i.sl<i!ift<i to 39,982 feet, or 74 miles per 
iiiinutt?, eijual to +H times tho fepoed of tho ptst'in, in order 
to prevent wire-iimwirij;. When entfjnfr-(jtt" at throe- 
eiLjhtli-i stroke, and <>p»-min:; tli>:* \>"n. f r \,ni i u.rli tiie 
throw of tlie valve is only 21 iucln!?i; heiii«« iu motion is 

j oomporatively very slow, specially just as tho port is 
beingopcned. Mr. G. H. Corliss,novof theCoHivtSteatn 
engine Company, of Providence, R> L, applie-l to a Idch- 
motivo, the "Advance," which he oonunenoed in 18o3, a 
(brat of valve -gear by which the distribution of steam 
was improved, at the expenae^ Iiowovar, of oonaideralilo 
neeliaaieal oootplioation. Tbeto waa a aepaiato indnctioa 
and ediietion vnlvaa and porta at eaoh end of eaoh orjrlindor, 
the porta iMing aa ohoK and opining aa diraetly aa poaaiUa 

intothahoiob TlwTiho a wo d MdwMinTttiaita»yinotiMV 
eaah wilUn nigrlindrieal dMnhar. iaotMd of alidiag afpoa 
• lit auANtk The motion from Uie ecoeotrica wao ftlt 
ooannnniealed from each in a "wrist- plate," a oirenlBr 
disk vibrating around its own centre, and having four 
pins on it« outer face, mu^Ii pin being connected to an arm 
working oDe of the valviis uprin one cylinder- Tho pins 
j oil the " wrist -phil-e" witn- sit'Uitf'l, tha'.' whil.tt tlii; ill- 
j ductioti valvts were ofn-nini; an 1 elosin,j;. bt%th the ecoen- 
t.ricK nn i ih^- pins fwliich were of course i>'{\iiv(dcat to 
eranks) wera at ha'f-throw, or at their [irtinh^ of roost 
rapid mottciu. Auil tha-i when tiie valves viens entirely 
' openeil or closed there was a comparative pause, the effect 
j being to tbr nv the port almost instantly ojioti. and 1 1 
kerp it ojwn until the time arrived for almol iimuntly 
I ehx^g it. The motioB waa aaaowiiat oimilar to what 
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woolil be a;d>)pte<i vuh a onnc. hut tbe uilfani andMqr 
action of tbe eooentric was i^tainei 

Mr. Corliaa' en^ne, a» euiii[mn--d !•>■ tljc iiiJiiJitor « iUi 
a !ink'!dotk>rt engine, Uotlj inuviui^ jit. the i-ate hbo^t 
t(*n tnilei mi liuur, .iltowcil Hit* f. .llo\v::i^ i-wmiIUl Id cut- 
ting oif *t iiuir.\Lnikf. witli n l>:;ilnr pr»*i<ur»* -if H.i Uw. |*t;r 
»i]Uiu« incl> m Iwyth rn^intw, tlio cylinilcr [ rcwiro nit tli« 
comtDcnoammt ot tii« strokfi v,-n.i m t'tw I 'nrliiw «ngin« 
m IbsL, and in the link-engine 7- Ibi TIp i nvi ia^jo proeaure 
throughout the atroke was in the funu«r *<:>i \be. njjainst 
49^ \ht. in t))e latter, llie highest prcesure of ojinpres- 
■on «ra», in the link-enginA, 35 in the CorliiB eoglrn!, 
9 lbs.; and the avem^ luick prewure vriis 3i 11m. id tl;i.' 
furnter, againit ) lb. in U>« latter. In raitting oti' at 
16 inches, 14 inches. 1 :i inches, S inekaB, and 6 faichea r&ipeC' 
tiTeJy of a 20-inch stroke, the comparative saperiority of 
tbe CorUaa valve-gmr was much the iiaui& The statiooary 
«fi>gin«ii ni«l« by tltv CotUm Btaaui-iMt^iiiQ Cunifioiiy tiave 
• siioiUr valvo-goar, »ai are cii!lebral«tl througliotit the 
United Stetes for thair light oonnunption of ftiel, often 
Um thiB lb& at ooat par harm power per hoar. For 
iMtouitiieB, however, the arrangement was exoeeUingly 
•gapGoatad, althongh it was due less perhaps to this 
reaaon, than to varioiu other difficulties, that Um V«lv^ 
gear or the " Advance" has never )>e&n repmdMid la t^JT 
iMOiaotive sinca built by the mm» toakem 

The New Jersey LoooiDotive Md MmiMim Oonpuy 
km applies], to wvoral of their coginaa, an arrangement 
of valve-gear deriaod by Mr. H. Uhry, tho manager of 
tfaa 'vwka, and Jlc U. A. LaUgam, also of Paienon, 
K. J. Tbu i* * MoaiertioB of the ordiaaiy ahiaiag 
Hnk-motion. Tbe eooeatiies, liaki, valvtc, ukd comMo- 
tiooa are ^iierally tha aama^ and an pUood the waum, aa 
mttl ; butthehlock,onwhidiUialiidt«Mk%iBetaMliif 
baiag attached to tha lower end of tha eniiiii^ ioikm> 
•n^ i> OHxied oa die vfiper •*! tf aa an% ettaehad to^ 

wUM tin low aii af ilk mfplHBialM7 am iWitfTCe 
■M«ia,«kN^ a«dWbi»eiMDMliaB.lmn nkha|iiUr 
am fliwid apon On diMiq^«da The notion of the 
t>ahnttii» jMtnhwof ttatof tte emwlridn erthg throogh 
diaigpvwd rfttaMqipliBiatiqr tnataad «f tteaioliaa 
mf rt« mm. Mtlm. m ilNidjr nbded, tiomagh liha low 
«aa«r«MMB. TlMaflMtktooptaaBddgatiwTiln 
mn aaitailr Oaa in the tKikmiy aMBar.M tOwto 
open the porta, when ratting eff «ni|j, (aa gfNtar iridic 
■nd, by delaying the okiaing of iWwInwWpeH, todhiinMi 
•naprewion. Tli« rettults, thmlbw^ amst lie similar in 
Uad to, although perhaps diSHMi la degree from, thoae 
atMaid with tha Ooililt yttsn-gmr ; aa compared with 
wUdh it i^ liowavar, iiadi W eomplicaied, b«udes being 
rendily applieahle to exiatjiig engiaea. TheitaulUr^xH-ted 
of the Uliiy and Lnttgena valve-gear are very fuvuunible, 
Mr. fiiobard Coibara, of tJie Norwich und Worcester 
Raiboad. and QenL Hemiy Batea, have both introduoed 
imall supplemeataiy valvaa deaigned to release the Bteani 
eomproased in tha i^lindar after the eloeing of the ex haustr 
port In the indicntor diagrams, taken at high B{)eed>, 
and at the ibortat throws of the valve, coui{>m*ion wna 
entirely obviated, but there is much dilTerenoe uf opinion 
ai to the real iniloenoe exerted by cotnpruMiun upon the 
power uf tbe engine, and hence lim valvrts uiidor notice 
have not been adopted to any oonaiderabJe extent 



' Id Winann' t'^^inea, M bafl ;iliv;nly »tiit<'il, tlii> 

vulvei are workeii eiliic r ac lull -^ti-oke by cot'cntriot, or at 
iialt'-!itri.'ki! liy an Liliru|it uajti-inijciciru 

6om« aUcTitiiiD int^ l^jt-ti ilirt!L-l(.-i rt*li'"%Hn;7 the tVi-^- 
tion due t/j tJte pitev^uri; nf the !<t<-.itii tlio valves. Mr 
WilSiOU Ktldy, ill ijuiliiin;; nn .:-ai;iii.j, soma nine Vtiojnt agx>, 
for the Western R^lr nil . < Mas^i^iehtisetts, made the valves 
work, st*iain.tiij;ht, ii[h.iu thfir backi as well a.* ihiiir faces. 
Ou the H.uUiii anil Wur«_4tiT au'l Fitcli'our^ Puiilmn^is, n 
pisUiti vulvf, of II l';rm j:atoDt(>i liy Mr. Jcxcph .Mark', 
was at 1)111) till") tried, ami, ili wils iJien Ijelicved, with k - B- 
siilenitili) miouoKH. Tbe »tta:ii is a cylinder, of ii boro 
i f frurn .jni>bnlf to two•cllir^lH that of the main cylinder, 
and hiLs Bh'.:-rt atraigliit ^teaJIl jM>rt.> opening into the ends 
of the lat'.t!). Two jiLsliiiis, with solid packing -rings, 
answer to tike working fw-cs of the common valva The 
working of the pi)iUin-v»lv« u not only easy, as long as it 
is in good urilcr, but the exhaust, by being QrHt released 
intij the sjnoe lietwecn the pistons, is equalised and COn- 

! verteil into a nearly continuous dmuglit upon the fire. 
Tlie urrnu4;i;iu«nt u faulty, however, from the difficulty of 
properly maintaining the packing. A form of balaooad 
valve similar to that adopted by Xlr. Dnniel Goooh on tbe 
Qreal Westeni Railway (of England} hoa b«en introilaced 
•!•» by Mr. Henry Watamwii, bat tbe author i:i unable 
to nipply may definite putionlan ef the tamM*. Several 
years agt, Mr. Thmeei Kggan applied valves, called 
V-vnlvw^ to aoine very heavy esptea eoginee made hy 

; him bt the New York and Harlem Railroad. Tbe Tal«» 
faces of tbe eyiindar twnBlud two ioeUned planea oppo- 
■ate ewA othtr, liin the ianor Mm tt (ha latter Y, and 
upon eadi face was a valve, (he two baiag aoaaactad kf a 
link, BO that the pressure upon each valve taadat to 
lighten that of (ha othtr upoa ila «wa iaat Tha tfti^ 
dere ware •ubeeq[ttaatly replaoad hy othen having tha 
ordiaaiy flat valve aitii 

Effarta ata Wi^ aad wiS aontinne to ba^ nada ia tha 
Uaited atata ta «enn% vitit (Iw wiaUa waipiaaiiMi 
ailfaaM If tha liaifc<MMaB. a ftdl and amUrimta^ 
aaaw apaidag or tlM ata«»f«(i hol&g It apaa ontil tha 
pcoptr poiat of cutoff haabaaa laanha^ tta valta 
woaUbedaeedwitheqaalaqpidi^. WlthlliiipmMiga, 
Mqairin( poaiUy aepania iadaaliaa aad adaatioB aifan^ 
(ha Kaaa would enter tha^rlndar at (ha h%h«it poirihla 
pmnn^ whereby the ^rialai( am«a af aaqmaaiw weifc- 
iag ailghl ba attaiaad. ^mhaaakaaaBaagMBBBt, tha 

tenl. or the steam elae eaperiiwli^ » la btUtatd tinta 
very bigU d<^^ of eooaomy wooll ha laaUaad 

flmaraf J>«(ui7.«.— The boilen of Americaa hMOaotiviB 
aia eaaand with pine lagging, or cleadiog, over wUoh k 
a eovariag of planiabed Buaaia aheet-iran, eoafloed by 
broad bnai hands, the latier always peliahed and often 
riohly mooldeiL Over the ioek-pMt k afoetad a haadr 
same "cab," having a carved roof at a dtar height of at 
least G feet 6 incbea The frame of this bouse is strongly 
made, and it is gtaaad both in front and at the sides, the 
front windowB being made to open, to allow the firenuin 
to go oat to oil tbe cylinders, wbiUt the side light* are 
alaontade to slide. Scat.i f<ir tlu) ca^ineioan and (irrman 
are always provideil, and thu l.'ttwr pein>rally B'jpply them- 
selves with cushicini hi fAd ■iv-mLIh i', liinvia LTirtains 
y are often put np next the tender, no Uiai liie uku are oom- 



9tf^ nmxaur 

^ li li-K- -l"'. .. i. TilO "•Mb" H often of tv VITV oIl-'^Alit 

aj i liii ■ .1 urul desr)^. ftn<l in it-s <_-\t»'niiil finish the ch"iiet2:-t 
of un.' fmpiijiitly iiwil. whilst in oouinina 

wjlli Ll-(- rent oi' tiio iif_' it IS h'inris<.''mt']y paititeil au'l 
i-fLeu iLijttrHy d'-'coriited. Tntj 'jrti;\raent.-il -jhara-jter ol" 
AutKricjui «n^iuej i? inJued rttmjirk;il)lH_ il^_-»itlfi3 tin- yru 
fiuioii of heavily [iiouldi?J ami liii;;ily )■ Jiaiii!.! I: rj.-i.i iu ihi' 
cv]iuil«r anil steam-chtrit. .Tjveni, uu tii« dumt^.s, tlit? Ixilrr- 
l>arids, wfii^tlt' Hta;i jir \ ■ lvciI.a, nanio and nurnl'rr ii]ju<'.«, 1 
k^i, nil f li'! i!nrnu:i!i;:il w.-rit, ifi j:aint«U in showy culourri. 
i\niJ ti I -ii ;-- .■ ilillir.us t^tlorts docorativa art are oocn- 
Biunai.y •■xtiiliir./d n;on tiiu paneli ixlmij; tUe sidiM of t!i« 
tendi^r . 1 li- liead-li^ht ' ..>r Uutt-m is a [ini;iiiiient fi-'a 
ture iA Auitincaii lOCouiotiva-i. It i^ i^fijcnvlly tin-cttd 
U[)uu ILl- frunc iif till? thimntfV, and tho ].'ir7iliulii: r<:[|tiLtiir, 
hcjivily pl.-vU'd Willi _-silvrf, ii Hflduui if t-viT It-fw Uinn ! 
IH iui;li4» in dijimctcr innri-! n'M^n -1 nr 2- in<'li-"^, And in 
many cai«C!«. !■> iriclii-'!* dr<!p Oil is niuallv ^'unu'd in the i 
liunp« of Ui«»e luntenwi, I i;'. win-.rtiiMi> ^'.j' i: I ill d tV'i o 
'■ buminK duii)," i« nv-d willi .an ini[ir'ivf!iipjiit in tin; bril- 
liancy of tlio lit;lit. Tlio ray^ l;viri,' cuiii>iatr»teJ and 
thrown 'lirwtly alarjf; tin? line, fmili iM tlif eucrineman, in j 
dark ijjv;lit_*. to dHtin:;ii:sli laiLje i li •■••U, like cattle, at 1 
llH-lll fet't a Ii;;ad 4:f tlii ftl'^linf, 'I'lu-v Innip-i riwt. frofn 
Jl\:> tu Xi'i '-iii'li Tl;i_' wli^ftles are !ri'ldo:ii le^s f.lion 
4^ iu'.:lif.-. diaui 'tiT, witli » bowi ti iui-'!ie« liikih, but they are 
gciiiT.iUy .-•ill l.ir;.'cr, and tlieir soiitid i.-. extremely deep j 
and pnwcrful. ^t*am 13 let ou to ili«ni, in eveiy cane, i 
UiroajB;h a 6priiii,--va]vt', litlinj; U) u omicitl ncnt; lliu simple | 
tum-oock, as iu English engines, never Lwing otnploye-i for 
that purpose. In addition, there i» always a bell, seldom 
of le» tliiui 60 11m. weight, and in some case!! as heavy as 
S15 IIm, mounted in an ornamsntal stand on the top of 
the boiler The bell is always rang at a quarter of a mile 
from every level crossing, the ringing Iwing eoaliuued 
until the crossing ia jia^ad. The whUtle is used chiofly 
f.>r signallini;; tlie depturtarB of the train from stationi, and 
its appixnch tu t«rmtDa1 Nations, aa also for putting on 
tlie brake* in cn«M of danger. In » few cases, tbe whiatle 
i.i blown at cronings, by an aatomatic apparatui, oon- 
noct«d with the truck-wheels of tbe engine. As a oertem 
noinbcr of revolutiona of tlteae wh«el« rapreaent a oertein 
dtstance gone ova; thdi nation «my be oonMtn^ted 
by a train of screw-worms and gvnring to a slowly revolv- 
ing dniui au whieb are slops oorresponding with the points 
along the tine at which the whistle requires tu be blown. 
Tbia arrBiigeiiient has b«on adopted in a few initanea. 
with aatiufncfnry rasulta, the whittle l>eiug blown at every 
CtMsiHr; witaor.t, attention from the engiuenmu. 11ien! 
an aiiuple {miviaiooa tor correcting the deviations due U> 
tbe padaal wearing and oatumiueiiUy increasing nuiulier 
afiB««lmi«iM«f tiwwbMtoiaraaaiiy • givn diatannik 
In • A«r cam Ain • ftv MtovM «f ttHin-ifUiaii hwra 
bMBwt op in afiajMond blinnwith Imr-pRHnMatMiD; 
rvj good and oaitainljr wypinrarfU mnlo batag dia- 
opmtd, aithcr hy ■naanal «penlim lH|f% «r Itjr a 
WTolvkg barrel witii (tudc Tbia «raagMB«Bt> kne wo 
M the -Orilicpth'' liM Bot» iMwrnr, bian qipliid to kM. 
anUvi% Im* U IM bttn tariad on • nnbar 

flfalMiriioaitik to tteg^adnfailiM af tin oawmni^ 
aad«ftha|wWe wKhiibeari^ 

AlBMii avaty Mgii* b pnHdiii witk » MBd^boz of aa 
< fm i iiim i l daiigB,aBdiBOUiiM«pq»thebca». Bow^ 



I ilnn'.s pnwure-gauge ia commonly employed, and in addi- 
tion to from three t<i «ven water-gauge cocks (the author 

{| knows! of in>itarM?r.s in which tli« latter number is used), 

I I there m ofton n wat>tir.gaag« acting upon aome tuodifloa- 
I tion of tLe i'c^t principle CUm iibm, bovmr, an only 

vri y rar*;'y t;iiiployed. 
j With hut on? or twj pxi-epti<)a», the tnsn -iji-n dmildy- 
tr.u.k raiiwayji iu Aiuerici, run u)>:jq tin.' ri^'ht Laod Uiic, 
innliwd of on tlit !i i"l i" Hnijlaad T\ia levers and the 
[Kwt nf the fnipniT'i ma m tliu farmer c-Ase, is in the latter, 
Mpi.^n tho ri/iit-h.ind .sidi- of Mm engine, thus bringing the 
Ameritviii eiii^inciuan U> Uic nutsido of the <!i)>ible line. 
Upon tilt! Botonand Lowell RailriKid, h iwrvrr, ll,r nngine- 
iiiiiiB in or was on the Ictt-hand kido of llti; cngino, i«> 
that, wlieii rutiuiiic; on tho ri^ht-hjind line of the double 
trutk, O.h; view wa,i liiit^cted ln'twwn the two lines of roils. 

\ij .\iii<:r;iau i-uj;irip wi..Lild Ixj coiiiplcte without a 
" cow-catt;her " or pilot, the ci?n«>triietion rit which formid- 
able appendage is cleiarly bh'iwn in the sevorai plat*'-^ of 
Aintirican eDj;inea. Cattle being allowed oocaiionally t-j 
-•.I ray iijioti llm line, are cleared without ceramony by tlio 
" riiw-i'audirr," and the more etfectually, a.s doijbtIi':<.i with 
m iru Klioty (o tin- train, when its »|ie<!d i» nbovn .SO milea 
an liour Upon some of the Western railways. Il i- hori- 
/. ntal Itn'^.h of the •' cow cateln-r, " when miuli' of woml. 
in 6 feet, and as it i- only 2^ inches cl<3ar of thi' nils, it is 
very heaviiv braix-J. The woii^iit of tlug structure- oft4Mi 
eioeftU 1000 Iba. In heavy anow,. \ ploajh ut" large aiae 
i.H litted in front of tiis engine, to tUai the iiuf- Thew 
]iloi)gh» were formerly made ou .ie|ianite civrriages, heavily 
loaded and pushed by the engine, but it a now p wfctwd 
to fasten them directly to the engine itself 

Within tho " cab," and within a few inches of the engine- 
man's haa<l, is a large gong or Hat belL A spring hammer 
is HO a>ljuiit«d as la strike this gong by pulling a trigger, 
to wbidi is attociietl a small but strong cord, extending 
hack throughout the train. Kv-b i^ar carries its owu 
length of coed, the connection of the whole iieing iika<le by 
spring knoha Or "snaiat," which can be coupled or disen- 
gaged in a moinent. The aignai-eanl runt withitt to* 
I nadi of every passenger in thatnla, aod whan ilia littar 
is in motion, a stroke upon tbe gong is a signal for imme- 
diately Eitopping Uie engine Nothing coold exoeed the 
sim[iUdty and effldawqr of tbis nuda of oominOTiaatioii, 
whilst instanoesofilatirillUalrantyaiMUefoaipaniMa 
are almoet unknown. 

Tbe tender* are consttvoted to eanyfrom 1200 to SOUO 
gallons at water, aod fmro \ to 3 cords (128 to 38i oubio 
feat) of wood, tnugr are genendly mountetl ujxni two 
tni#-ftwwf. aw oadar aaeli aad Tbe forward truck is 
)|,a!Hl«Hir mdft to tony ito iMd ttpon its centre^ being 
. aiidar IB MHlraotim to tha ^ioa-tiiMk. Tbe bind 
I tfMkanitoltolMdMitoaUi%thawhabweightofth* 
ttodarbijqgthwaiipporttdlBtlmapaiali, No(«n|yi( 
i tba taodv movidad Willi powailU biafeHb but bntea 
I am«aa7anlie4.BHT(iqru9mtt*nilwa9aift tha 
8«ullNn8lal«iktoa*ii7wbaaliKibatniB. VaiiiMa 
•HloMitie bnkaa bam ban dafivd, aaoM of wbiab •■• te 
otuidMaUt UM, A nodanto nnnbar af lank-onglDW 
havabeaa boilt, tmi wHb the ftntlter tmpnuvBiMeat of tba 
logooMtivav w M t» diMiAb tbe qanBli^ «( fM aid 
water reqnred to be aanfad, tlia Mpmte taadsr will 
donbtlM ba dimid in a gnat minbir af oiatii 
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OOAL-BintNINO LOCOMOnrBSL 

TuK cfalu Lurnsil in Anii^riraii lnoiiiiritivrs nr<- of tha im- 
Uiraeitt*, bituiiiinou=, aui h^-iiu l,'iLu!nin"n,^ vivrirtifM; fho 
foniiar cOTtuiti^ but a smnll |i. r ^ ni I' li-. iir au.l 
burns without snuik'- Thv liiLiiiuuii^us I'.t.ii j.ttru^ i^ouc-rnily 
witli luucLi -111 L.-, .mi l.itli kiiiiU nrv n]it ti> LvmUiiii a 
iHJuaidw-al.Uf iiuiiiitily of I'liMi'i'lt' matter forniini; cliuker. 
I1ie«tiu liituuiiniiua viirifty, t vttor known as ruinl.cr!a:ii! 
<so»l, Tiiiiriy cliiiriK'tiTiHtIra incomiuoii witli Wt^Uli (••m!. 
Vm- uf tlic cailicst 'ju;;ia*a built in the fnilf-i SljiUam, 



that 



•ie m 1S.'31 tiy I'hiusiW Davis ff>r iIk^ BultliuiT« 



iiti'J Ubio Railroad, burned a:ithr.u:itt! oia], iKitwltb.it^viiil- 
inf; tliat the line of railway wan Ui extend into tbo C'uui- 
btrlaai oc'si region, where a fuel every way better mx to 
bo h-jA^ lu anthracite oufU wild adopter] suoiici^fully 
in the engioes <jf Uie Beiiver Meadow RoilrmJ. a line 
tendinj* into au atitlinw^ito mal iltstrict As far as aiicbra- 
cite ccTuI i.> cijiii*riif(|, t.b» pxfflri^nM of seveial iui]Kirtiiiit 
Udc» of railway luu slinwa that tliere ia uo uiecltiutieiil 
Uiliiculty it! burniiir; it; tliis ima) ia (ila«sl in enginen very 
tiiniikr in their couMructioa Ui thoni! bunting wooiJ, and 
an abundance of titaaui in luaiiitnitied, and tbo injury ti> 
the boiler, wiUi iron ftrclx)xe», iron tulxisand wide watcr- 
i«piKie>i, is not cxcegsiTe. Uut as fkr aa experiments Imve 
boeo uiode, mA more than from T>{ t/> 6 llw. of water aeetu 
to be evaporated for rji.-h puunvl of iiiitiiraoita coal » 
burneil, wbercan this variety of fuel should vaporize from 
8 to U Iba. of water for each pound of ita own weight It 
utty be added that, notwitlistanding that the qnaatity of 
an t h ra cite ooal raised in the (Jnitetl Stat«% !• aim tfau 
three time* grfat<-r than thai of all otlnr varieliei^ the 
fiinDer,«Uof wbitli oouteslroiitAeompantivelyiniMdl di*- 
igUi, is never burned iu IooouoUtw esoepting io thoee run- 
aisg wilhiit the iuunediale region of ila own production ; 
iriMMM the bituiuinou* and Mmi-bitttminoua ooals, the 
4«peiill0f which uu<lerlte more than 1 50,000 aqnare ndke 
of the are* of the United States, ar^ adeeted wbetwar 
ooal ia burned in looomotiTeaiiBtttf the anthracite dittricL 
Snuike-pnxfaiai^g ooala are bamed, in the United SlitM, 
iB«grwt wietyafloeeaiotiTe boilera. Upon tin iUti- 
mon and Ohio RailrtMu], an exonllent ooal is my inqwiv 
Ibetly burned in the Winans' uagiDen villi vUgh that line 
10 chiefly provided The firabouahsMpitiMTftiitloBg 
fay 3 feat 6 inehai nidai fiir 19<iaali lyitnienk SS-iaeli 
atnktb and eight 4>4Boh eoaplad diiffng wImmIi. Tka 
lwteW>n«firtifclh thm «• tat tmlv% Ivm Ifioeh 
«patan«lii1i*iMatafaiikiAMianMariyl4ih*tIimg, 
«w 4 iuokt in iBmmitmi. Tbn ia haid^ any apaoial 

and aflt WMh aaigk* pccidnotd, tat tt* •«»• 
pentiwi ia aaoeMatily yuj aaeh dtaiaidMd In eoue- 
q^BiBa» U iaiatfMillwof iriwtaawMto tawtaiK* 
^ af • fBopr kMwk^ «r tta iriMiplM of 
, ttat tta iii^Bi%cr«od>faanta( ioanaatirc. 
ry nmMj fawmglit oai im Aanriw i , laiTa 
. eoBlrividspMBnaBtiiriy atabMiied vimraf Oa 
~ ttDfaaarivad. Tt in nnt niwianmj tn mrfnr tin 

than to nhwrna that aa anrnhnrtitUean be burned with- 
«a( eeaplett aamluaatian iriA atooapberic oxygon. 
WhlUt aoUd carbon, aa aoka or ehanoal. Hay lie etiU 
vpon a gnie, awaiting tba ■ao m tt aii 



pom and burn no faxtt-r than the air may arrive to itii in- 
eandeecent surfux-.i, ibe gaseous portiuin of raw coal are 
diatilled uC a iiioilt-nite bott, and, unless in.Htiiiitly satur. 
at^v! wir!) air, escape in a rapid flipli!, not ...hiy uiii-nn- 
•<uiiipil, liut. whilid tbtis unmixed willi nir, in a mmjition 
in which ignitinn i* atwnhite'lT tmjy«sible. it is a luitt.T 
of the readiest (■roof, not only tliat the volatile ixjrtion.i of 
bituminous catd are tije only (lortionB of that !(ul«t.-i:it:f 
friiiii ulfidi AUioke am V^e jiruiiure i. l ijt thiil ^hl■?<^^ |tor- 
tiott^ ■>:-'nlaiti alutut pitie tliir.l of it,s ultiiiuilii lirvitinj^ 
rM 'A ilhout air tlir-se volatilfi li:iilt.fini arl^ ■.n?i"'ni- 
bastilib- i4.-i .lir itM-^f, combiution i>eiiig inil.s'.l i4ii'miral 
oombinnti >n only, in which the giw and air are burno'l 
alike, tlic prficc« of combiittinn K-in;? in every rt-ij^ect 
mutual Until reoiintly, no Anieriuan mal-burniuc; Iwiler 
baa lie*ii arranged with reference to the intertliiciicM of 
till! coal tiifl and uir, and, as a nc«e«ary coi).-<«nn:ni t-, with 
tiamu producing ooaIh, much nnokn wan made, and the 
heating power of the coal was often inadn)uate to the 
work demanded of the engine. To show the importance 
of the adaptation of coal as a fiiel on American railwaya, 
it may be stated that the coat of wood-fuel ia, in many 
cases, aa great as 25 cents (IS^J.) per train-mile run. 
Ujxm one railway in Massachusetts, the average coat per 
train-miln waa, for 18.^7, 31 cent* (IS^dL) 

On the Unit introduction of lxmU into engine* of nearly 
the ordinary oooxtructiou, it wax found mure or le)n diA- 
cult to iDuntain the requinite prewmrc of «team. The five 
could not be kept aniformly active. The American coab 
OOntain a large proportion of fusible mattors forming 
clinker, and which, by melting and clo!i:n)> the inbsrstieea 
of the grate-bars, greatly impeded the draugliL Again, 
the heavy firing going on at intervals, periodically dimi- 
niaheii tin; |iri>!uL'tion of rteam, a great quantity of heat 
U'iiig ab:.or1>i'd lu tlie volatitiaktion of the giaeK fnun the 
fnsh ooaL Towartln tlte vorretition of tltew evibt, the for- 
naea waa laagthaned luid tJie gmtee misol so as to leM» 
, between the surface of the fire and the crown- 
The grate-bars were, in nearly all cases, made ao 
that they cotild be rocked or agitated whilst the engine 
was running, the object bang to loosen the vitrified 
clinker. A vnriabla erhanat was provided in the ohin- 
oey, *o aa la «4mSk «f ngnlatiag the lire. Beyond thaee 

nagmiata van oecnsionally introdnoad tar 
tta wmAt," an the supposition that, withoat 



■ay lie aUU { 
IwiUdaeaai- I 




m. mJBBtBKnt MMpMp lonMn^ W J 

af ndkUiUs VA, OMril 
boikr, the axtiiMl ^ipeaiMMa af tha ' 
favmiag oonatnaition is pmenad. Tha 
lawufm, h awtwidaJ, im tha tem of a long i 
dMuabtr. Madj to On tmt and of lU baml «r tba 
boilv. Tiwtiitai«nmd»(»aoBlalBwalir,aadanani>- 
ranndid l^tha In. Tbgr teoMd ftaai tha i 
of the fltebox aow»flalab and, banding bjr • 
to a right sagK aittiid ta n walir and rtMi t*-— nt 
the front end of tha boilar. Within two orthnf jaua 
thia temofboilBr haa baan impravad {nannaaf lii da> 
and re-introduced hy tha TmtoB LoeottoUve Mn- 
iog Company. Tha flat nof af tha adinbaatiaa- 
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tubti-[)Jat«J, were atrongly stayed t'roDi Iha outei shrill uf 
the boilor; an ntr-pipe, opejun.;; luiir tlm fni:a ruA. n-- 
oeived and di!!tribti*«<l »ir tliniu:;li i:t t.lic lrr.i;ll .if the 
i_-ii:]ii'U9tion I'liuml.-r, wiiilst h:illiw HtJV_v-VK->lt.» r.n r,ho b^ck 
&i(iL^ ut" tho firnltitx iiri'j iiir '::p'riin^ in rji^ tJnnr-].|^^to, Fill 
UJiilei' ixmtrol ijf ilAm[K:rs nr r-:!;:Ti:iitoi^ ft-imitt^J A 
fm-lher aufip^y. The wiwi of am.! len;:;i.|j. ami ia 

several im'Jiti'>*--<, w'Uh \\r^ t-xj>r>i-s^ r-rii^inf-'i liurnin;; 
CMinbarlft^))] I'finl, :\hllli(IjinrT. y;' B;rf»UU wrvs ]zrpt up v»it]i 
very little i-mMke. Thf circulation of wnt-r thronj,';! thfl 
tuba* v« Miicb. t!i>it n hull" poand bolt hn? lK*n ilTn^m 
thronf;li tin- li'iif^ti of n sintjlo tub* sdiJ thrown iipjn tha 
crnwn*[-Ut>?- litile*?d. thiH i^ner^etLe cirouUtjuti tinun-rlv 
OAiL?*^?J fjaui::i;: Jioil prii:iiD^; luUL'ii flu Lhrit the fr.iut 
opemugit taf the tubex were Kt OM time nwly i-l'm-<l ^vith 
notobml pIugM. In rnie cmn, bovowr, this cbr^ok t^:> tha 
<rtrr;is!ati^ i^ij^s^ th*» r!fwp#»rw3rtn fff imtOT from <n»© ot tlje 
f.ulK's, wincli bojijiiiin; ln'cilud, wrvs exploded by the sub- 
f*Njn(;nt rotuin ot" the wak-r. without however causing 
liny furtiior injury to the eiitrin-'; ^Ith'-ui^-h the flreman, 
BtMi'iii.:^ bj-thn open door, was biuwii or frightened off 
the eii;;;ine, which wan titan going at fall i!pc«d, and was 
killed, ikiyoikd tlie provinom for mixing air urith the 
gaies diatilled from tliG ooal, and the better proteotion of 
thf! tr.!:<. .•riili, together with a better circulatioa of water, 
Mk' I biiiiiri-I IwKO' doea not appear to have any pei<uliar 
fiwture miapUaa it to the spedflo oae of onaL Structur- 
ally, it must be oonaiilereJ a« inferior to the ordinary 
plan. In reapeot of evaporation, HIH llw. of water are 
said to have been evapomt«d iti Ibu t:«Mt plan of Dimpfel 
boiler for each pmiii<! M (Cumberland coal burned, bi^ it 
ia not improbabl e that mtb tbe vigorooii circuJatioa 
through tho water-tubea^ tti* mt«r btkag tfatOTrn vp 
dinctly under the hKiwb Hamn, • Mttriidamlih qoutitiy 
fMMd off in priming. 

The Boardmao boiler, first applied to koomotive pur- 
pOM« in 1840 or 1850, waa taken up in by William 
Maeon h Ca, of Taunton, Mjuntdiusntt^ who have «orae- 
what improved it in applying it to a numlier of ongines 
built by tbeni for the New Jersey, Illinois Ceatnl, and 
adMC nadl. lo Boardmaa'a 




sheet and open into an ash-pnn Wow. The lulies, say 
379 in number, 1 } inchwi in diatnetor, and 3 fe«t H iuclies 
loii;^, n.-f hurr'-un.ii-:; liy wn'.rr. wbi.-li n in:'lii--r!cl l;.y the 
tUt. fti ifs uf u lar;.,'v' VL>:5^_'I liejiruiiin.f trmu ivii 1 unitinl 
with tin- ryliinlritvil, 01 riithsr Mtiu oyliri.;n'?il porti'iti '.S 
zhxt boii^F. A Ui^tpbrji^Eu wr jiitritlLvJU m [i-iw^-i a- rus-s the 
eoinbustion-chamber, at about 6 fiwt from it.'^ i^|p<'!.^:tg into 
the firebost. and so aa to send the whole (1' the Jriqglit 
IniviiwMr U thr iugh some 250 tubas in the hin.ii-r [v.rt of 
liio tilt siflriil \ «nd into the SAh-pnn ':.-5!ow_ t'lora 
tlienoe thii .iniu.:hi ri.vi Ihroagh tike rem iininf; 1 1'li tubii4 
and paseen dom th'* Ir-mt p^irt: rif tb« <*n«nha3,Uuii.cU.AUib«!r 
into the smoke-box SlrurinniUy. tbi^ lonn of boiler hntt 
ttfVfnl rI»<iadvantiif;£A Tii*- tiat snJas uf it« lower portion 
rr.|uiiv .1 liir^i' liUniL-T of cfjaa stays; »od if one of theeo 
givo wjiv it i-.iit ■ b«* rt-iie»'A,1 with f^nt trouble. The 
tlat-wd^^-l v-^rti'M", onitjiininu' t-i" ttibcM, U p'.ucv;] iti U-Ait 
of the trnnt^dnvm^ nx\'\ in tlir* untiriA.'^y t'll^ht Ml i-«ietl 
engine, anil by il^ iv-.'i^ht ronsi icrJibly ii-,rri-.i.v<a the 
weight on the truck-tratue ; luclewi, the wljoli» weiglit of 
Um boiler ta materially increased. So too this portion 
of the boiler oocnpin* nmrly the whole width between 
tlic fmmes, not only rendering insidi* cylindm impossi- 
ble, but oompelling also the removal of the valvo-gear to 
tho outaides of the wheels, even in outaide-cylinder en- 
gines. In this form of boiler tbe dividing diaphragm in 
tlte combustion -chamber is ma<te hollow, and air is intro- 
duovd tbrmigli it, as also tltrough hollow tttAys in th^ 
neck of the combustion-cbambcr, and tliroagh openings 
through and above the door. Th" Rrardmao boiler can- 
not be considered as adapted s^>«« iti ally to the use of ooal 
iurtlter than in that its combustion-chamber, with the 
proviigon for ailmitting air to above the fire, may iusun; 
tbe proper burning of the combustible gam given off fmm 
tbe cdaL There is no evidence to show that the vertical 
tiib«* afford any advaotagoi; and on the Illinois Central 
Railroad they have been lemoved, and ordinary horixon- 
i«l tubes, in Uie commom cylindricsl barrel, safaititllted 
in their place Thorn is little probability, tbei«lw% Hlmk 
tim plw will be adopted further in new •DgiiiMk 

FUcgv''* ooal-baniiiig boiler haa bMm lor • kmg T 
knom iB tt« UaiM StetM, aad «imvnaea MHiM f 

MpMiil^adqM to Xh» aomhnstion of wiai; 

of giwltr iHRpliMiiljF ivft 



^, tfMi 

tKlSbApuftm. XxlMH%, 

nnmr, IB mw «f «ha bailMii, 

dMrt dliiMM or tlM nibir-oaiMili fS^iM^ 
and v»h»(/mi being SMplliyd. jROttuMn 
cxampUi of tfab bidKVB witar apam or "w^ 
tarfanUom" exIeodMl amaUw hoMoBoT tU 




lOnorOa 
pcrfaaorOtttalte* 



IkK, ¥it flWU tb* upper 

to «Bd «pMB into tho mk*. 
fkto of thb dioaihor » loi|0 
of ohoit vntioal tnb« dtmnd Omwh * taW 



plaoetl, < 



n«tiidoorfh* 

flreboz in wUA aoteb»<|ilote ii OfdfaHiiljr 
•htM op to wifhn oono U laAm, OMn or 
(ho 4rawi^pbit% Oft iipoBlm ew— mriortfaig 



fatfioatoftha 
Mriaf aadfc TUo ebamber extended downvmrdOi ia 
fiontof tha 0x1% to within perh^ S fcot from tho imI^ 
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Kui from ite ftvBt ride tb« tube* |lMMd «V through th« 
qriindriok] btrre! in the onJiDnry mnnnvr. From tbv 
ennm-plftU) of the firebox, also, a tranawrBe banjting 
mlar^bridf(« daptnded in frrnit of the openiDg to the 
umnlmtlai olmilWf The ch^-^-'.i o( thU urangement 
wHtoMmnnoMandtiaM for tba nuxt(ft« of tbe ooaX- 
pm mi tSt in oonlratltin; 104 M ftr m U mnt, thU 
plan wmmmi » varjr good ptupoM Id kt«r •iiginH» 
with dwPU^lKiaw, the aathorbtHmi that the mtar- 
liottoai aad tmed dnnght have bean omitted. 

2> 1M1, Mm F. Smith, Eiq., now niperintandeat of 
«h* BlrilM Bfm Bailraad, apeeifisd Uie 
danto m mii b/ J. K U CoomU. is ISSiL 

lAhiliwm ftm baii« boot ftr tba 
Yall^ BtOiMi^f «U(h Hr. Snilh wm at «M 
li i ih i w lmt ThacqginM wmoompMad Imtka aaf^ 
r Uit aiaaa ^Akh tfaa th«r hin btan 
_ wood} but tha QoailMitiaii* 
I W7 ganinlly adoplad inaoal- 
Mr. Sidiii affliid tho ftam-jet in tba 

)iBMailr«]lpl«u«f 



jMrtof tha ; 




III tha ywr lan, Kr. Stam HilUiaaaiid, 
aapvriBtiBidflDt af Iba Saadiiiif fiailnMdi plaiwid ft iNimlaM 
tioa-«lMmb«r nearly in Um aiddia af tlw laDgUt of an 
«cdfauH7 (^lindrioal baml, » anita it gotMrni ^ntm, 

'wUbk aaaOiar aniH «r nallir tab* hd iato tta Hiok*- 

boz. This aRaiigemant, known aa * IGUhaHand'a boilar," 
had been mntrived some yean baine in Kngland, bnt 

Mr. Mi:':!ii>II:iii<I li«d patented iti "oonbinatioa" with a 
grnt«, iiiiviii^ Ui« tide« and front endi ctoaed up wlid by 
what is edlada "dead plateu" Tlia|ilanwaabto<«fato«( 
for bvming anthracita ooeJ, a luge firebox with morafala 
gntai, aa in Winaos' enginea, being uaed. There was no 
evidenoe, however, that any additiooal oombiution waa 
ctTecUxl in li\K intei-ni«diuUi clian>li«r, and tlio hollow 
stay l.ioU« originally provided throuRh tho sidce of thu 
chsuibcr were soon after closed. Aduiittici: the produo- 
tii'ii "I I'iirlionii' nxiil" from th« Ipurnitig coal, tlie hexl 
jiju'r fur inU'niii M 1.^' ii< w l/i rutivert this goa into 
<.«rtKiDic ftcid, is ciCTrly wil.lnn tin.- tirf-plaoo itself if not 
indeed within thu incandestxnt tti'jl. Mr MillhoUand 
has abanilonad thL^ iirrauijomiMit M' ooinbiution-chamber 
iu Ilia Utt-r eugiii' - 

111 18.'i."), Mr. (> \V. iiiiyltfi, iifllii- Mnnplioiter tjOOOnto- 
livi! \\'urk.«, lin.i]i.;lil nut ii riDvel ]iUri of boilur fiT burn- 
ing IfilumiiHMiii oj:\]. Externally, it "'.1.= of the ordinary 
liinn and pro].>^-rtii>ns, but the tirtl' ix u;r iu^'«.-l >u) 
follows; — An iMcUnod waler-spaue, mt- i ln.^: Iruiu just 
below the lower tub«->, hai-k wards and Uj:...iU'l--, 1 : witfiiti 
s few inchc'i if tlii^ crowii plate, ooinfiJcUiiv ilividCTl the 
iilipwr ;.:rt. 1:1 I tlie firiOio.v from the low«r. Tbo lower 
fDrtioii wiii furllifif Mibdivided by a longitudinal wator- 
>';ju>o or mid-feather extending along its entire lengtn. 
Each lower comportmvnt liad its grate and door, and 
there was an opening also (which oould l>e cloeeil by a 
rc-gulating daintier) fnira each lower compartment into 
tlw! up]ier chandler of tlie fir«lx>x. There was olw a large 
wiuarc opening at tl>e forward end of the longitudinal 
mtd-fwth«r, which laat opening wu kept always open. 
Tba mod* of woridng ««• aa foUowi: oaa of the ra- 



gulating dainfiei't, mff tlM right-hand one, being doaed, 
tii« right-band door was opnted and coal fed to the right- 
band grate. The opening from that compartment to tha 
upper "fc— *— baiag dosed, tba pnxluots of omubuction 
were fiaaadtnpa« thnMlgfa the mid-featber into the ad- 
joining aini|iarinaiit) and thcDoo, over incandeaoent fuel, 
op thraa^ tha left-hand damper into the upper chonilwr 
aad thence away through the tubes, for firing into tha 
laft-hand com|iartment, this adjustment of damper* VM 
rvrareed. The object in this plan was to bum the j 
by direct faeatt wbioh oonld only be done after they i 
baan poparly aaturated with air. In practice, it ' 
fiand difflnlt to ieeep the watar^pooes tight> ami 1 

HrwTffii irfthnrt mrkr boning mmm 

I «h» Md «r 4h» ywr isMt ifr. a a ouan or 

— - - - - - uiaiah of 



ilha«id«b«r«i< 
at iMib flw* *• «nwm«r tha anh 
WMjiHtMowaabattiantaibat llwfliiftMlhaaoal, 

bodcward* under tUianb and into anxtasa with air a>- 
taring throogh lowaal hdtov ateT* baidad. TlMia waa 
thne ooaridtntla NMS aad an appreciabliifaaa af tina 
for itaiwai oombnstion in the upper pactian of Uia flre- 
bCK lir. Besttie subsequently adopted a ainilar arch in 
hb aaal>boming engines running en tlw London and 
South -Weatem Railway; and the dadeetors now enw 
ployed by Mr. Yarrow and Ur. Jenkiiu^ and iUoatrated 
on ]ukge *S9, are identical in prineipl^ In the ITnibod 
States the simple and inexpensive firebridc arch has been 
extenaively applied in wood-burning enginea, which have 
thus been enabled to bum Cumberland ooil with little 
Biuoke, and with a satisfactory command of eteauL 

(Tpiin tht! Hudnun River Railroad, a considerable nnm- 
1» Tof wi..<>i -burning engines httv«l*en altered, aa follows, 
i'^r Ijurninc; nonl — A combustion -chamber lias been ex- 
t«^ii.ii'.i r r Ti'i ;i tj-j 5J feet inU) th.j body of tiir boiler, 
a tiiiibfrai'.h r r.xie.ud^i throaj3;h from 2J to 3 foet of 

tlii.H i^baiiiliiT, iir U< wiUiiu 2\ feet of tho tiitie-pince. Into 
tlio tnoutb of tl-.r clmnilwr, lUiii on each aide of Ui« mil- 
feathtr, a firebrick wivll is l.milt uji tii within 12 inches of 
tbti crown -f. lata. The li/wcr pluU^ of t.l>e Grebox, for 
£ f<!rt iiliovt! the rri-ate. ara of cc.ppor, tho rest «ro of iroa 
Tlicrf JVH' lw< nty iioUow -Htaya, of 1 inch diameter of open- 
ing each, tliro-.y-h tlu' buck nide of the firebox, the air en- 
tering at fihout the level of the t.^i. iif the Inirning ooal, 
wbic'b iti loainutined at a dep'.h o' ir m 10 to 1+ inchee 
<>D the grain. The cxiol in fired at frequent intervals, a 
single shovel-full only beiii;.' tbr.ivrn on at a tiuic, Uiis 
being distributeiJ n-s uniforiuly as fmssible. Tlie (;rate- 
bars are closed solid, for iiiLi--li.i:i i -.ii-jir . nt-jc .ii f^ti, at 
their front ends; makins » ' Ir ji l-pl^ir... uf tiMiu 2 to 
2i feet in width next to thv ornlnrc.nM r:.:iii,' -r. In 
these engine*, as in thoae iitt^d with Grigipi' Urtbrick 
arch, tlie ortlinary nhininey of the wood-burning engines 
ie retained, aitbough but a snioU quantity of unconsunuxl 
eoal and oindeia escape from lli« fire. Ttte Hudson River 
engines have eaeti a steam jet io the idiimitey, U> keep 
down smoke when standing at stations. The grates are 
fixed, and are never disturbed whilst running, tlie coal 
Ijeing eoraparotively free from clinker. Thesu vngineit, 
with 10>io«b ^Undan and Si-indt atntka, draw traiaa of 
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from 60 to 110 toaa vvii^ht. ciclii«ivn of engine ami ten- !' 
der, at fi-om tliirty to forty miU-n nn hour over a Irvel 
line, with an average c xpcciliturc nf i+ lb». of CuiiiLwr- 
lanc! coal per iiiilo. Very lit<k' nn iko w mad*", ami tUe- 
preL«ure ol iit<wiu in aaaily maintaini-'i. 

Coal-burning engioa^ upon nearly the aaiaa arnuiL,f- 
ment have itur.a built by tl»e Schenectady Locoinoli ve 
Work% the Lnvrenoe Machine Shop, and by Danrnrtli, 
OkMke, ud Ca 

The coal-burning engines mad« by the Rogers' I/xo- 
noUve and Machine Works have a combuition chamber, 
of from 3 to 4 feet in length, extemling into the barrel of 
tiM boilMr. X " daad-pUte, " made to drop on a hinge 
whua reqntrod, ii> pUueJ at the front ends of the gratas, 
the bars of which are »u arranged, that vhctt (b* dialMT 
requires to be broken and reinuv«d, tliejr may be alter- 
natady raised and lowenyl, one Mcrin of the ban draocnd- 
ing between those of the other Defies at the mmv time 
asoeiKliug, there being also alternate projectioiu on the 
tide* of Uie ban (o ainat in breskin;; up the Iwttom of 
Uie 6re. Arraagamaiiti of movable grat«s. very much 
like that dewribdt MOiidarably used in AmeticMt 
oeal-buming engiBMi In the Rogen' enginea, air is ad' 
inittoi thro«;;h numerous smull ojKtiiiigK in the door, oa 
also ttirnii^'h a i- rti nitod iliffiwing box or chamber just 
below the duor and within the firebox. In the smoko- 
faux the nozzles of the ashaimt pipea are placed neariy on 
a level with the bottom row of tubed fa.s the exlia>jst 
liij):jtli» in Atuerican wood-burning engintti ulvj ur e ii^iiially 
placed), and about 15 inchtA in front of the siuoke-bai 
tube -plate • plate -iron partition extends acrues the 
■moke-boi, the oulUla for tlie ]iroJuctH of oombuitlion 
being ondir the buttom and over the Uj^ uf this plate, as 
wall M ift as iliotB of about IS incfaai by 4 iaeha each, 
tbnNiilt it> ICha aihBiiit baijig dinhaigiad ia flrool 
•r tUajAMb Om Mte «ffhadiMi^ to iMdtnd neariy 
•|h1 tibna^ d «r Ito tahiit iulMd of baiag atongmt, 
aa it wwdd ntharriw H in tiM nppM mraf tnbift 

Variaoa amaagaaiaiitB ham baaa &r a long tiaa «■>- 
placed in thaValtcd Btataa far aqjoaliaing the drauj^t 
thmii^ IbaMbHS and with «oal-baimBg n^ocibiena 
eoBtiiiaaaa ftr lUi pnrp<M toaoHUaced indbpenaaUn. 
Ia aay komiatifa heUtr with tha ordinaiy diaqght, the 
aatanlly to the dliper part of tha fiimaaa, 
I akoftdt aoona ii tkiraogb the upper tnbaa , If 
tha nedte ef tht ashawt nnaleB aia at tha lanl of tha 



passes up through tin; 
at each oprntnz A ' 
pipes is «!i >wn ill Vh'.i: 

W:;>C<i ftTlil rriixi>i 



s.-rlf», (Ir.'iwing in from the tubes 

irTiilrir .irruri;IiMtitfnt of cylindrical 
XI, VT* 111 lsiH,too,in burning 

Ml ilii^ iMii,-ii>i=A uf tlif I'liilsitelphia 



iinl LohiriiM.i Itftiln /i-t, it w;us t'liuml n**(:i-^Hjirv to bi-t up 
a plat^-iroii jyirtitiijn iH^arlv iwt'Is.h i'ju: latioke box, b«- 
tw^n tlio tuK«» plat"' jiml cxluia-l pijv--i, in much the saine 
luanuer an in the liO)j;eiV engines,. Id the Columbia eo- 
ginrn, however, the pUte was not cut through at any 
point, bnt an imnuhir o(wQing of ,1 or 4 inches width wnx 
left arDuiiil It In the engines of the UuiLsou River Rail- 
road, Mr. A. F, .Smith haa suixessdulty a|>]iU»I a novel 
arrangement for equalizing the draught Uirough the tubes. 
Within the chimney is a pipe, which may be raised or 
lowefed, BO tliat ila bottom may be placed at the base of 
the chimney, or lie JniptMid down to half the depth of the 
smokobox. This pipe is alxiut 41 feet hmg, ita enda are 
of the int«i-nal diameter of the chimney, to which it fita, 
but it is contracted to say 1 1 inches ia diameter ibr about 
SO incbc-ji of itt niiihlle length, — forming what would be 
known in hydraulics as a iwrxi i-ontnietai When dnip|ie<l 
to the lowest limit of its fall tliii pip«, llin>u;.'h which all 
of the draught has to p«m, «ii5il.ily incriM**-* (he cneigy 
of the fire, besides briof[iDg mora of the heat through I 
loirar tu)«s. Tlie tharp intermittent action of the I ' 
waa once indaad ooaiidand to (mjudivial to tiie |Mro|ier 
oooditiaii of tha S*% Hat Ml one of tlie mineral rail ways, 
■8 at OMtima ki iatoabox 1 foot 
1 fimt fai^ aigUMB l-inch tiAa at the 



Vfpn Mm, tbia noaqiial dMtaiian of hfltt k I 
Aa early, at !• :tst, as MS, Mb Rgat "Wtimm, m hia ooal- 
bnnung eiigiiii^ made the wihaaat Boada at tlie level of 

tha bottom row <^ tubes. Cuticentrically over Ute noziio 
waa placed a cylindrical {u|i«, uf about 10 ioehes diaoie- 
ttr, axtending up to a few inches within the base of the 
diunney, lielwaen which and tha pipe there wan an an- 
nular i;i|n'n:iii^ iS prrhiips 2J inches in widtlu The juition 
uf ihc dnvu^tit w,^4 thu«i cxi'r<.!t-wil entinuly at the bottom 
null ttie t..|. '.|' til. iiin.r pip-', «ri.| (h'^'ico. »iim''wiiat ' 
wjuallv. upu.i all ili.j inUjs, In 1. it Ijixv.in.' uvti-rai, 
in WC'Mi-hurnili;^ titi^'in^.^, in s^it ilp a i ul ;:l-r:. l i - ii ■ .f 
short pijxiti, outr uvtr the utli'.?-'-, aa I ta.?U nui.ii- m tlin 
form of a truncated ojrie, annular ■i]r-nini"* being left be- | 
tween the haw of each pij^t iin I tup o( that next 
below, aTiiiUij;eijifnL U ktiuwn ils a '• p.ittioiat pi ['•■, ' 

and the exhaust steam being discharged &om below, |_ 



topaflMiiwanttatliai 

Mr. W. a BalVMh^oT tha out Oabiv fiailioa4 b» 
adapted a jitto gwle^ or grata to whkh cfatoalar holaa 
through»aHl4ratlMtton adadli afartokfloal^. lu 
the aaflka-lM^ akova iha nootfaa of tha tdbai, hat bdov 
dwagdwutaoidaita vivaiifaithavaenkplaoadtoiBAar- 
eept lying eoat, whl^ ia Moff thraogkaipoat into a 
boK bMuath, otUtd » ■'nb4maiii7.'' m IU old apaik* 
bona daa «r thai 



Naay of tha aohsmea deapribed an «n;doyad only to 
bora OaabwkBd eoal, wWA ia altogathar aaparior in 
qnalUgr to that found west of the Alleghany Mmntaina. 
The matam eoal is generally very impure; it eoita ti a «0»> 
tidenble aolphar, it riiaintngrates rapidly wdlV tKINiara 
to the air, and it laavaa a krge quantity of atiBlctr. Tho 
nfaithre proportion of clinker would, of eourao, be only 
ineraaasd in coking, aa all of the AuiUe matter originally 
eoatained in three tons of coal would thus liecoioe oonoen- 
trated in two tons of coka Hence, all attempts at coko- 
boming were long ainee abandoned, cxoepting on the 
Baltimore and Ohio Railraad, where a lair quality of coke 
is miMle fniiii the CumlMirland coal. The difficulty witb 
clinker liii-i l>ei-n one of the greatest in the way of sua-eas- 
fu. . >j I lining m .\morica. It luw conqsilled the fi-e- 
■(iiriit di.ilui ' aiiLi' uf the fire, from l>oth alxive anil below; 
at tinti it ii A u .il I alii.i ist shut olf the access of air, r«i]uir- 
in^' tla u tlic aluiiMt intensity of an aiijustable bliut to 
inairit.virj tii'- tu-t\ and under tlu-si' (■'.rriiriirttatKv-s tin? lit-tv 
box plaits WfiM hkely to Kwiik' nri ■ri inj in-.l l.y the 
heat at parti'-ular partk Uri'lur tli-j uron^ftli uf tlie 
bia^t, the cliukar w..>ulil ufUfU ily tu ami i.-uiii]jlt'.fl_v cW\c 
the ends of the tubes. Apart tlii'i L-furL' iVuiii the wasti'. 
and tbe nuisauoe of smoke, there has been gnwt ditliculty 
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in kt)eping up aCeam wlivn it wiw ftttemptuil lubiini ('u,il in 
Um; ordinar)' wivKl-baniinc; oDsrines, The form- ot' ^^ra;ivi 
oontrivod to rlt--ii- tliLMiiwlvL-i <•( ilinktr liavo hetii [luiin;- 
roiu rnougli, and it is still n Wi^iry tn rmr.l'iy 'i ^'ru!r i.i 
tli« de»i:riptaun int'iitioriLii in o •iini-ct;uri witli tlm )lij;_'<;rs 
conl-liurniu),' i-u^inea, in order suixesstuUy lu burn tlto 
ordioary i]uiiliti«a ul' western coai. At one time oonaider- 
ablv cx|)cct«tionii wcr« entertained that the D«lauo grate 
woixld obviate much of thiK dtlficully but un trial it did not 
•pptftr to alford any signal ad van tu;^ In it« oniigtrini^on, 
•B4p(Bill|F^**y> inches wa? uiiv<io nearly in the 

■niddla of nn nrdiimry grat«, beueath which wna a sliding 
IkM,so ^iliR'>ii chat it might be puiiltnl under this o[iun- 
mg or be drawn Viock t<i W fillml with fre:iih coaL A leaf 
OT plate, prujectinj{ frvitn one »id« of the lux, k-?pt the 
«peiiin<; rlooeil when the box was drawn back. Within 
th« cuttl-liox watt u iiiuvcable piston, which, whan the box 
VM lo be dkargni with ohU, lowt^n^ 1 tA \ti bottom, 
but wUdi, on pushing thu Vmx under the (i;>«nin<; in the 
grate, was nuiied, thlM CbMing the coal in at the buttom of 
the tin':. U[Hiii the laing bUkod, New York and Eiie, 
and other roa>l», gntlwliir bnning ooal have bean rocnwd 
of stout chains cuipandtdaemi the l>»tiam of the Qrebiw, 
lh« tadbUilgr of thi* muBfmmA baing aud to be 
cActfro ife lm(«ng (ha bottm of IIm lira dear of dii^^ 
Onaaa oftht lomt mOiwdt it waa mt oaa tfana tha iMMtiaB 
to oonr tin iUm flf Um gnto vitlt » alopiiy pivananfc of 
Unbrid^ Inrntg 00I7 a potrtion of the gr*U,4boat SO 
iBcha»aqiwMbiiiiMVBNdi]ith*«taitnb Itvwaiddttet 
Willi Ihb amaflMMOl. tfipliad faf Mr. HaUHi WrigjA, 
the di«ii(b( «M ao leodiiad tluA tlie cGakar waa Itaied in 
itsmo^tduidataltkioMloruiamlrUiKnghUiabani h 
u majority of coal-bariiiaigbailat^ ft it alUI toad adnu^ 
ugeous to eloM up MifBMl indiaa a* the frent aada of the 
ffiMi, aa alao in many oaaaa at' t h e Mm, ftoiiig ■ "dead- 
pkta" Vfoa wUah tha aeal na/ lla and baaome paitialljr 
oohad in mm Mm MMdag npon aotive oomhariion. 
The waxiaUa-axhaMiti or aidQtutabk-cshaoit nozzt» aro 
need IB noit AaaricBii eoal-lMnanb m4 not one prgb«bly 
t* without the a team jet in Ht» dUmV^, fajr wbiah ataaa 
mgf be let on direetly fton Um bonar to mcntoin a 



dmii:;ht luid kiirp doM ti k" whiUt the engine iM 

standing. In tht» H<\^^i-iii err.'iue^. Mr W S llni3*>n 
lui.> iViriiit-l rill -iiin-il'ir 1 ImiiiliT within tlit- c^ijt-irun 
I aM' <■{' tl.L' I'liirrini^v trurii \vhi -h, wh^-n utmni '-s iid- 
iiiitttjil. It o-irfi|»-; tl;r'inL;li nn^iirTnii-' .'iirill nj-'iu.'ii,-^, rnriii- 
ing a cirv-ulaj" t>oiii>'utr:i? vli.x-t witliin tlic invk '■( the 
ehiiiint-y. 

In niiiny of tlie arrangements thus hastily de->icr»l>eri 
there is c»niiidcmbli? itigi-nuily, and, as an almost neces«vry 

Iooftnquenoe, a coMidcrable di^jjree of coniiilicalion It ia 
not at all probable that the Uimpfel, Boanlniau, Phlej»er, 
or Rayley boilers can av«r attain any conaidenible adop. 
Uon, m evae wm they nMrltofiona in theniael\M. their 
application to existiof; loenrnrttivcs. of whioh fidl UOtiO 
are now at wi>rk in tbo Union, would l<e very exfwu- 
I iiive if not iinpractiL-able. The probietn of ooal-buming 
proniLira to be milved by the HeltwtiMi of geod OOal, with 
careful lutd freipient flrin;;; the armn;«pm«o(4 in the fiuv 
naco Win;; «nch dimply as to thori>ughly mix and igaito 
tlt» t^aa and air, and to keep the gratw dear of olinkw. 
There in ahumlant proof that no exIanaiviaBtnNtVial BOdl- 

I ficationoftbeocdinary wood-bnnuagbailarlaiaqaifadlar 
I thae naulte. Considering the aKtnme^ n^eiui** 
i tina of the ftail bnmad in AaMiioaa loeooMtivae— tha 
ooit par tmSnHnOe in the WMtarn and in mtny gthar of 
the atalai^ nTtn^^ag fiilly three tima that upon all the 
railway «f Onat Iritaw— it ia altogether prababia that 
tha na pfaoal, akeadjr pnotkad with iBiMb anoeeMb will 
beeooie gmaiBl in the next two or thras yaara. 

Woaa the opportanillM wMeh the Mrtlior baa anjoyad 
in Kai^aBd ftr tlbmnring the aatiaa of the ttMun Ibf 
doelad nir camnta la locomotiya l w b « m m «p|iUed 
ia Mr. Ik. K Gbiltli amnganMHitv it ii Ua antTictiaii 
that aimOar maaiw wiD be ftmnd to be the mdat eKw* 
tin ia the and ibr boming ooal in Aiaariaan a^giaaii 
Extensive pnotiot on JEogUdi railway*, prove* that the 
idxtore of air with the ga* ia that ruidared eoatplatah 
thenmli batog the eattia |iwv ai iti i m of aawka withao 
ahoadaat ooanMud of aleam. Tha faolilj with which 
\ tUa planean baaiiplicd toaxiittBgatoAianotitaicaat 
aMTit 
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n.— Ov ni Fmouh or TBB Sonrmrrroir or Goal 
js Fvu ttm Oou IN LocoMomrBB— In Um MwCh of 
f^f^laad aad lb* Muliiaf SHtiaad, anal is to s Tai7 pckt 
esUot nlatUMted fer etifcft. Ths utigdoctim flf far 
(he pupow «t ofli awtog «>» waafc^ h eflfeeted tlMro«tth 
Ihi dpgnmy^ wd h Mtetod npn IIm nsfim of tU IM 
by ineM» of » "aborct" or intutod tentf, or « liafll*- 
pbiUb iawriad obiiqueljr downwanb vittia fha fifdboK 
TUi iMtb appcMS to t»vo been iaddblMl far ito«staniin 
Mhytkn to ito«KlMiiM dnplHiiy, M mwb H to» airtwi 
degwa of eJiiMmy which it tmJcubtedly pcMmiii But 
itkniBMkoliKiiotwitholMMliilg tbodiepMofaUllaiid 
qVOimk mmvitli vhioh tlia "oborcl'' ■ irorkad, and 
(£• irtlilloBow with which iti |wifaiiiiBiMe is npirdad 
bgr tliOM wlio ui« H, thtt tl>e railway smoke- nuiaaooe ii 
f a vaiy loriom aBOoyanee to tlie public, anil that 
I are now l™"—'"^ (rin^ncnt of tho puViIic Ukiog 
the matter into their own hands, judging tbr thsmselveo, 
ami Iryiog it at law. The effideot and peifaet vaa of 
ooal in locomotives is not yet attained — tho practioa gena- 
nttyiainnatatoof tnuuhioo; the re-iuccion of tije expen- 
diture is the first objeot, the nbateneot of lljo uuiamee is 
the ixicxinJ. 

Nt'vcrt bplcsw, the !»\T<t<*in of tlir .sLfftiti - iutiucU;d nir 
curr.jiit.i. l y 1* K. Clark, has Ijecn. nn<l i* imw, nt vrork 
wilh «:;iui<; sutvesa, bot}i in p-iiiil of ;n'rfi)nn»nc« ami in 

point llf eMoriOIIlV- It, \h appUril t :- ijic vvh> : i" 1 I'MVJ- 

inotivc tttiK'.k uf the (Jmit N 
under the •.iifwrintoni]! ti._-<- 
locomntivo insnngti , iin^i 
li'iilwiv i_'otu]mny, as a o n 

[i-uLltiii uf nmoks-prvvi nti 
aU' ii|()fiiri i't i-e a.jL'L|jLt;t.i 

(j[ii-r:il i 



■■■•f 



•ih nf S.- tlaljil ll:i;;\v;iy, 
Mr. Willi. <'uw:lii, the 
i ri'it -iIvIk: IH'CV-rt'-il li\ llie 

lir'tv practical solution iil'il i' 
n with the use ot coul, but 
<y the travelling public wilh 
■: ij'iUiutiail upjirefiAlioii. 'rht> HV*t^tii, ia 
ili:>t line, hat h«-f:i 'ilili i.illy iij-<jf. It- i by ;i 
■urt.-mtit-r i.f th-' BritsKh AH-Mviatioti, ' n tbt- (^Li^i.i'n uf 
tli'-ir iivi'i'.r iiii'i iin^' M.-.TiJeei). and it li'i- ti. ii; yr^ - 
ij-iiL[i:-f.l \'\ ilif- L•jl;llI..*.(•J^^ t" h*- entiiyly -,;iti^fwtoiy in iu> 
0]k^1u'..h;i^ it jl-'i iti .-IlLOrK^ful il-' ill li.i- 'Titjiueil iif the 
I/indoii'lerry aii'i tuui.ikjil.-ii K..ih>^iy, iiiul tlit? North Lon- 
don Railway — the latti^r 1 »!iicli in u iiidroptiliton line — 
where fimi*ke had nec*i Imvcr}' i«^tldoiii seen and raruly smelt. 

Mr. rUrk'n uynteiii ia now reduced into a much simpler 
and more ooiii|»act form. .lU^^e&Uid by tJie extendeil rx[ie 
rienoo it luw ooriiniandnl. than ha originiilly applied in 
the first essay, on thi* Ka.>t«rii Cuuntiw R»ilway. as de- 
picted in Figs, Jt, j'>. page 30*. Two single rows of air- 
opening!), about 2 inches dian>eter, are inserted, one al 
the front oiid one at the back of the tirebox, with a itleani 
nozzle t^-) each, iV'-'' inch diameter, set olf on the branch'.':*' 
of a small Kteaiupipt,* Ifd liuui the crown of the firebnx, and 
controlled by a single cock or valve. (See Fi?. To.) Tlie 
tteitiu li kept wtsll up, and on this ^"stem a le>-s weight 
of eottl than of coke is consumed in the perfonnanoe of 
iiMOaiiie duty; mo that tlie saving of working expense is 
nun than tba entire differenoa in eoat of the two foala 




(U*Qi(Ni,iBtha«m wg^fhat npwwda «f 18p«r 

Lwhen thaaudBB ta 

o«iied>ar«hep w 8tii«f 

bnnlif ttaanokib Ifr. 
Fatriek Stirling found, 
on the oontraiy,by oooa- 
paiative trials with and 
wttboatthanoofLia'a 
epleai of aimlEe pNTCB- 
tios,that mora ooal waa 
In (hatUM 
thamohia 
I, (has 

when tlie qrstom waa 

not in operation ; — a dia- 
advanla}>v which pro- 
bably attends more or 
ton all sx-fiteiuHof Mnoke- 
bumin^', Viy iutroiluiring 
air in hulk through the 
doorway. 

III. — FtLl) - W.VTKR 
UeATINO ArP.AHATUS. 

—Mr D. K. Clark baa 
recently introdu<!ed a 
aiuiple, compact. amletH- 
cieni method of beating the feed-water, applicjihie to all 
clauses of steam-boilem It operalei 1<y hratin^' the feed- 
water in detail, or in snudl sutHWuiive rpiantitic», by the 
forcible and imniL-diato intermixture of currents or jets of 
water and steam travelling together Oik- or iuhi- i.-l-i of 
Hteuui are discharijoil freely and dirwtiv tl.'M i;,-!i .i j i|it; 

};<.'-!■ wl.irli ..l.Ku tho w.ilrr to l.r l:f.'.t.-:i i- fl..LvL'l. d. Iirid 
tlir.i-iL'li ivhi 'h il ts jiiL.-i--.<-il in fnuj'iucti'.ri witli tl.e iteam. 
In tli s i'iiiiiiii.-(l ]..L>.-:ii;.';' till- ntcam, in virtue of it,* initial 
wliiL-ily f riviiily •.rii|iint;i s upon, ntixes with, and dis- 
j«T?.c--< tlie watf^l. ^Ui.i i-. >jilii.kly r.iMl<-:i.-^-il, iirhl the wiifAjr 
is j!ri'jMirt4itniiK\ ru!^r^(i in fft;ipi-r.^ti:rt-. 'I'iic ^i]|i'.^lv of 
steam may In- t'll i i 
exhaust-passa^jc i i -t 
In inechauical det.'iil 
fimt exjirriiuenl.tl tiju 
ht'ili *n.-irv i-ii|jiin', llm 
witiiin the comfuwB of » ht^tiog tube, 2J inchm diameter 
and 20 inches long. A 1 }-incb nozzle waa attached to the 
rxhau.it-pi|ie, which waa 4 incheo in diameter, and waa 
joine<I to the upfier end of the heating tube, and tba 
exhaust tiloain blown ^trtiicht dnwti into it. Cild water 
at 00 was introduie-i at tiie u|i].i i- cii.i i f the t«i>ie, through 
a number of small [lerforation.s and, meeting the steam* 
current, mndetuieil the whole or the graatv part of it^ 
and was drlivcrc<l at the lower end, at teaqpemtBTiafMy^ 
ing from to US' Ex|«riinento aite ia puinHM to 
tee^ ita applioabillty to looomotivea, 



111. 



il.j 



lill f'Ct. ■ .1- fr III '.iie 
iiiiL ii,;iin-i LMiiinTtt-i l|ien.-witl>. 
'II- ni)|«iriiHi.-> i> ■.nii|hi-. and in the 
I'f ciii- [il.in, in i-ouDection with a 
ivh.il.; procss was con.4Utnni.ale<l 
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DESCRIimXS OF THE LiVEGE ENGRAYIXGS 

M 

KECJBUT PRACTICE. 



PLATE XXXI* 

TaMK-LOOOMOTIVI! bv L K. BnrxKt., I/ixmw. TliU 
engine, nm>le by the Vulcan Foun<liy Coinp»ny, War- 
rtiigt4>ii, for lliv Vftla of Neath Railmjr, w desij^ned by 
tJ>p lute Mr. Krn;if!, to work the hexTy tnineral traflic of 
till- Vnle of Nr.Aili liiilwnv, oil the 7- feet giiuire. It is 
pUoad onaix wheels, i feet 9 inrhc^ itiaraeter, lUI coupM, 
Mid IS feet S inches ofart lietweeu the extieme axled. 
Ik im iaaide cy^Am, 18 ioebe* (liamtlcr, 24 indiM 
•Mini mmI oaniei the water in a aaddla-tank, oa tlw 
tcp«r(l»Ml«^andaiiinl)iliindthalMMlar. IfciniglM 
M taw ift iUi vorUaff Irin. 

TIN irabox ii 4 Ml«4iMlMlaBg;anl «ftet 8 iMhM 
vide at tin gntt^ ^jMttg m ana of S71 a^MM ftal of 
gnte; and ia attoat 4 ftak 9 iadm daapabova fba gnta 
Ttiioi4r 4A«l6iMh«a«uiaattbota|k TheCnbazia 
of j-inch er^per plate, anapt tin tnlw-plat^ wMeb It 
I iodi thMk. Ilia inboMiidl it 6 IM 4| iaebat loi« 
OuWdth 4 ink 1 iaab vide at the centra, and 6 feet 
«| indm wida at tha liattom; copper atay-bolte, 4 to 
4) Indiia pitA. Iha nBOMuU U|>er <i( the tide* IIMh en- 
ployed it fiwvimUa Ibr Bberating the aliaii Ibfiied in 
tka witar hmmi> mJ liwret mam far the flUiiig* «f tlie 
e^pM on tiie ontddei TbabanduftiialioilBriBlOfeet 
S|{|ielii» lon;^, ■'> (rvt I inch sntalleat (iiainet«r at 6i-ety)x, 
of 4'Ucb plutes, lnpp(.-<i like a tdeicope, ami r«{>an<liiig 
towards the smotcebax. Tha taba-plata ia { inch thick. 
There is nn angt« iron in itaconitruotion. The riveta are 
J inch Jinmi!tor, iit If inrh [liteh. The lluu tub«« are of 
bru88, 256 in nuiiilicr, 10 fi^«t 9 im-li«i lonji butwren 
platee, 2 inches outsi'io diiimi't'^r, f in 'h rl.-nriin v, Tli.-l.- 
sectional area 585 square feet, flit bid'.iu^ fiurfaoo 
ia aa fullows:— 



nnbos, ... 
TAi^iBdde, 

Total, 



1308t , 



The xmnki'linx in f<>rii)i?<l hk [rart of Ibe barrel. 3 feet 
+ i-i h H ■ : ' I teet 4 inclies diameter, of j ii'cb pUUa. 
Tli.^ I ... ui-i \ 11 1 fxit 7 infhe« di«un»tter outoiiln, and 
I i i'.-<it H) in. -lit-, iiirli .-iliipvf tlif raib. Tlie snl'i ty-vnlvcs, 
twu iu riuuibtM'. jii f cntii.'iil, 4 in.'Ii^^rt diameter, 1 - ;it-t TijUiire 
inches area, with '.i'mti jls 1 'J 'ii; tn 1. 

The cylinder? nrc. as n>c-a iy --ttiti;-,i. I S inrln-s .liiunrter. 
Mill H lia-lit-i .--ti.^ko, it +;i-ini'li iv.ntr*"' n].irt , thi'v luc 
H inch thick. Xli* st«arn-jx*rt.i are lo mi-'liea wid'j. IJ iiicb 
long; the exhiiu.»t.-iMirt is Sj i:ii!!ii-K long, the bridj^ 
J inch. The travel of vrilvi^ i^ ,"i itioIi »'."«. the I.-*]! 1^ inch, 
olfiiniiLi'i? iii-i.le J ini'h l.'ii.l fV in.^h. Thd ralve-geurinj; 
ix Mr. Heiirv iJiiK.i w.ji|.;eniuti .in. and not the 
link-motion. T.tio f.>""ii rii-i, ■mi^ to each valve, are of 
wrought iron, with white lueul lining, have IS iadiee 



uaxiinuiu throw. 20J inches diameter, and ij inches thick. 
The piston in 4J inches dt^ p. wiib S^-inch packing in two 
ringx, cut at one plac . t i!- r.^i is 3 incbe* diamttir. 
The Kteam i« led to the valve-cheat by two 3-inch 
pipes to each chest ; the blaat-pipe in of cast iron, 6 in 
diameter, with chaBgeftble bniw nozzles, 6 and $^ IndMa 
diurnrter, 3 indie* abore nppsniMst row of tabek The 
ivgidator is n <!iuit-irott slide, in the amokaboK. Tlien 
arc two donkey-pumps, one on each aida of tlie fitcbas, 
with S|-ineh plunger; 4 iachai ttroka 

The gaida^an an in two paiia to oaoh ij^Oadtr, 1 ftat 
10 mehia long, a iiMhet biead; tba «lida.UoA» an 
10 inchea kng. Tbo oroa- bead-bearing tbr 
nd ia linahta diaiaeter, 3j i i i eh e t kwg. 11ia< 
rod it aiioat C 6at 1^ ineh long^ or ahoro ( 
lengdi oTtiie etaak. 

Thawbotb a»4lb«t 9iMhn diHMtar. Theijmt 
an H iadtm hmi, S} incliat thid^ Iltn<;e4 l inch high. 
Tbanan 16 iptka^ 4b]r 14 iochnatBave, >ii by 1 1 iodia* 
at the liat. TIm nam It 3{ inidMa thitk raiNMl iba 
aad«!, aad 7 hwhet datpi. Tlw a w a lt .> w la it 8| indbta 
a^nan balwaM tto whatla; fbe olhor ndia an 7 iudMa 
diautttr; and all an * iaebat diaaMter m Cba wheek 
The baarinp an 74 inehei diameter, bj 10 inches leng, 
The crank-joumb are 9 inches, hj 5 inehea long. Tlie 
lieuring-springn for tlie front and middle axlea are 3 feet 
lung, 4 incite* broad, having seventeen phite* I inch thick, 
and one plate ] inch. Tli« hind-springs are of india- 
rubber, and each onnsists of three cylindei*, one 9 inches 
diameter, two 6 inches. The framo-platea, one on eavh 
si<le, are 17 inches deep, 1 i inch thick, with axle-giuuxla 
furjjed otu 

Tho water-tank in siemicircular, or aaddle-fomi, 19 feel 
1 inch lonff, 8 feet 1 indi wide, -1 feet 8 inchi-» doep. 
PUt*ji outside wei(»h .5 Ux!- per Kquare foot; insiiie plaU-s 
,V '<«^b thick. It ho'.,U I pillons. 

This engine can t^ke up an iiu-ane of 1 in 90. ii traiu of 
25 loaded wagpons, I't toiis each, cr toii.s tntal, and 
with tite engine 413 ton* growi e<iuivaleul Ui a gi«e* 
wdglit ea a lanl of liMS tcai. 

PLdiTB XZXIL* 

P.inSKMiFii *\ri Ganns !.• iM^mvES, BT John Hawk- 
SHAW. l>i.Mi'iy. — T^ll■ •■iirini-.- Iii!re repreaente.1 were do- 
si ^'n.-! by \\\ Hiir-t, miil,T Mr .lolin Hawksbnw. for 
the l.utn!:L-,biie and Y'LMk^h;ro R->ilwny. Fnr wnrking the 
hi'.^\ v ti-iilbL- I'f tijis line, (Ih'so t.'n;:yi[i^;-i were itiuilf ui;lmi:i. 
inonly atron^ iit ull tbeir Working parta, and they, par- 
ticularly the i;oods enginefi, have mvfcod wdL Tha 
following are lending.' diinenMons: 

Piunrn^er Eiifji>^f-. — Kirtjbijx li^tt *1 inclji-i w^uftre. wit h 
annate t«el of grate eurliwiei platee | inch thick. The 
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cliimney to •OBbnetol to 11 iuclie^ diMMlar at the tliroat, 
ia order to increue the elfoetivo nction of the lilik-it. The 
Cgrlindin we 15 il)o)ii=t l>y 20 inches stroke, with stearo- 
pocto 10 by li iBsbM Tlw cylindem arc outoidR, the 
ftaaiiBg to indd^ and fh* driving-wbeeis are 5 fevt 
9iiMiiMdIiUBetar> The ttlnmiautosmlSiiMt SiaabM 
afBit TlMTigBbitor tod«uU*>bMtb llNTiilT»t!iBrhw 
tiM oidtiuuT link-motion. 

Ooodt Snftiue. — The cylinden ira IJt moliM I17 S4 ni> 
cbee stroke, inside. The six vheali are 4 Ibet 9 inchn 
<liMiii-t«r, all mupl«d, vritli 18 feet 3 inches lengtli of 
wheel-baae. The tirel>ox i» 3 feet 9J inolios lonjf, liy 3 feet 
6 iuclieii wide; — woiieritt^ diiaeusioii*, and cuntnutisg I 
■lMiiigljrvitli«hiiHflft]i>rato«fMMlhtaak'«agiM | 

PLATE XZXZIL* 

I 

Long- Bon, r.R I.n. . .m. itivk.-'. nv Bcibert Stei'Mknsi .s' 
iV. ( 'i> . N K'.> 1 ASU.h ii.s-'J'i NE, — The main distiiii,'iii.«liin^' 
luiitMr<-r jii iA tlii-si_' vTit;ini*:' an*, tl(>_; nvcrljiiu^ 

tildbnx, L,'rtrit l-jii|^tlj u!" tlui-tubtci. The weight U 1| 
well li^'riiitji.ci nil th>t w)ic''U, and tlic |>cculiar dvsifpi. j' 
liarticutarly iu ti>e |wiwenger en^'ine, is greatly ixitxliiLMve j 
to iiitij|jlicity ud'stnngtlL The boilon are de«i^ued ou 
aound priixriplo: a moderate mm «f firebox, • luodenta | 
Bumber <•( iluc tubei^ and great Irngth of flna: — ■ pnto- 
tiaa initiated by tlioie en^eers. ! 

FatMwjtr Engine. — The cylindem are 14 inefaoi dia- 
mrteir, and 32 indies stroke ; drivi^g-wheatoS iM» cany- 
ing wheels 3 feet 6 iochea, ai IS ftat 4 iwifaH toi^gth 
«r irheal-lMMeL Tb* flnbox 1m 9 aquan ftal af giatft* 
Than am 10> Biia.tu!bi% S indiaa Samigt, IS ftat 

11 indiej long; tiia banal of tba faoaar baii« IS A«t 
8 Inditn lon^, iiud 3 bet S Incibaa diameter. The fbllmr- 
ing lu-j ttii' heating surfiuMB: — 

fmbax mabM, 46 Uj/fin fMh 

TubaiiAa^iHli^ , 

T(jt«I, .., 7SU _ 1 

Oood» Emjiiie. — The cyIiiulei->! iins l() inehas l.y | 
2 J inches stroke; nix .ill .'i tirt iLiimi'te; . 

12 feel extreme oiiiti'.H. Ur&td ai-ea 13 7 Kjuuro f««t; I 

133 tub.--, --ii iri.'ko.-.. au l 13 lbe| 10 iaohta knf. The 
lieatitig »uri«ce is lui fuUuvra;— 

TMwi HrfbNh 89 M|vua fnt 

IMeniftM^iMUik I 

SMd, M. ... luu 

PI-ATK XXXIV.» ! 

Pa-s-sesoeb and <!fKins Ixkovotives, dt R & \V. ! 
Hawtmors, NE«cAsri.K-i).>-TT»K.— Tli«e eD«|ines are 
made with io&ide cyliudan^ and doufab ftamiiig; Inaida 
aud outside the wfaeala, estandhig ttw aotica kogth of 
Um engiiw. Tba intndartiaa of yofaila apringi over 
dia hind drtridg-axle of Ilia geeda ei^^ almplifiea 
the amafement Tiie iii'.Klerale number of floe-tnbei, 
vnUn a eomparstively 5[i!unous boml, b«« always been 
*goad feature in Memivi Uawthom's engines, and acoouiitd 
ferthe genendly superior ateamiiiv powe.r of their en^iies. 

fiXfaejujtr fMffine. — Builer 10 twt long, i let-t dSii 
meter, platea inch Uiick; Hrebox ithvU a feci li inch 



long, plates ( indi thick; imokebox tube plate } inch 
ihii'k ; firebox ef cop)ier, J inch thiek ; tube-pUte when 
drille^l for tul«8 ]} inch, 4 feet 6 incbat long, S feak 

5 inelieo wide, 5 feet high above grate-bars, with onMMntar 
way or luidteatlter. Ash-pan of J-inch phit«^ flttad with 
damper. Intideataya: firebox stayed with oappw aowir- 
atay^ J ineh diaoMter, placed 4-inch etotna, and liwaltad 
ever at eadi ead; nine iitfad Inm foatataya as top of 
bais.linkadtoahaUi a(gblthraagh tta-vadih Hindi din- 
malar, and three tia-rab U inah diameter tnn bade 
plate efabenteerawnorbaifaL litbaa: ITdbnaatabaa^ 

2 iuclien diameter ootaidai Na 9 vina^nga at fnbox 
end, ami tapering to Ifo. IS at tatolBa4M>x aod, Itnad in 
tulie-pUtei!, with turned steel fermlea at each end ; veno- 
tian blind dniii|ier at end uf tubet^ worked from foot- 

l>::<iiii. ulvL't-i tur joint!! under aliain peaaaim | iaoh 

diameti r. 1; iiioli iiiU'h. 

Fraiiie o ui[>i5i:.l u:" Lw.) u>Lt-,i4e aicJ two itwide frame*, 
with butler beaiiiK , ■ nl.vi'le fi 'iinr^ nf oivk, 10 inehe? by +!, 
willi a ,V phile "H e;ali hlile, liiuiin wll.li 1,'il.inls 

and cast-in>n guides, hisi'le trnnic [ l.ite-* uf iiinncit'le irnn., 
it i»clie-i by I inch, the full k-ii^tii Ui-l.wei-ti ImiII'it 1..mt?i», 
with guards for driving-ailc. and ui.'vlleabiu iron guides; 
bulTer-lH-ain-s of niik, with a i-ineh plate on front aide; 
front Lwani 1 6 inches by (> inches, hind 1 1 inches by 

6 itiche*; tw ) dniw-plutes, ^ ineh thiek, rivetted t<) firo- 
txix-iihell, and £ast«ne<i tj inside framea with bult-H and 
nuts. 

WbeelB and axletof malleable iron ; leading and trailing 
vhaato 4 fcat dtoinetar; driving-wheels 6 ftat 9 iadiaa} 
axttema eanlna U CMt; enmk-axk with 6ar baaiiasa, 
6} ineiMadkBatar hatwato anaka; leading and tiailiag 
aslaa H inehaa diameter, with tmi baaviaigi; haaiinga 
dooUe-aMad; axla-boxea of eaat-ina, ^th braia baabea, 
exoept inaide boxe<i, which nn solid hras^; springs of ateel 
plates, 4incfaee by J inch, with finch b««Jc-pktes; Sfaab 
ceutren; teiidih<; aud ovtaida dcivii^[4prii^ liakad 

conipen-snting Ici-er. 

(.'ylinderii anil vulve elii>t of cist iron, iu two piiyHs, 
bolted t<«Dlher and to iusiile fniiiie - plates ; diameter 
ir. iii.'i,r_>, striiLf III' ;.!.( .ri '^'^ niche!*, steam-]iiirt'' I | iuch 
by II iiicliai, fxiiim-^l iMrb.-i by 14 injhe.->; lap of 
slide-valve li ineh. lend .'.iiiLh, [ i-t^ii .rx^l. imn, with 
brass packin^f. EcivntricN of csliI iron, with brasa strajxi; 
e.\)ian-sion-liiik 2 inches thick; all the working eyes 
steele»l. and the piiw of .steel, all pro|}erly hardeutHl. 
Regulator of cast iron, with brns« sliile, plareti in smoke- 
box; 8tesm-pi|ie of «op|ier, extending the full length of 
boihff, and pisroed on the top side with slot-hotee for the 
admission of steam, Klii.>t piiKj and leetl-|iunips of oaat 
injii, with c(ip|H-r top oritic«, 4J to 5 inche.i dtumetor. 
Feed-pumps of brass, bolted (o motion bar; ataadimant, 
and inside fraiue-plataaflttad with fanm 1iall,alaaka,g]aidl^ 
and boahaa; nun of malleabto iron, 1) bieh diameter, 
worked frew CKWi-head; feed and aocUon lupeaof eopper, 
fitted with air-vessel. 

OdedafnjrtNe.— Boiler: iinboz-ehell uf inch plates; 
flreboxof finch eo|iporplattat tube-pUte, where drilled for 
tubes, i-ioch ; box 4 iaat t inebes long, 3 feet li iutilies wide, 
4 feel 9 inches high above gnttea : barrel of ,V<'i'''> pistes, 

3 feet 11 inches diameter, 10 feet long. In>ticle stay.s: firc- 
Ijox ulaycd with i-irii;li !.ii;i|iLr -jrrkv-l •. rivntteil uver 
at both ends, 4- inch centivs, «ud nine ruuf stays linked to 
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iImQ; eight UinMi-ii l] inch tiMmd%iad thre« tii^mia 
IJinAdiainatorfroiubMik-piatatocmmeffaunL Tuba*: 
lmllraMtll1l«^ SiiMliMdiMMtOT«iitaidKKou10wln- 
ptnfl» at inboK aiiid, tapari^; iniida to Km IS wfa«- 
^iige atmokabox; tnbialfandwithatoiltianud ftcnlM 
at etch tad. Sntnkebox of ,ViBdi plate ;Uiba.plato{iBcli 
ttiidE. Rivvta for juitiU oiidar (team-praaaure | iaah 
inalMV 1} inch pitch. 

name oompotHKl of two inoiJe IcingituJiniU [il:ktei, ev- 
tMuUng between bufl'tfr-beani an<l bofTer-besm, 1 1 inches 
deep by H inuli thitk, rieefwnwl to 1!)J inrhw w liere 
oylinJcns aro fixc-I Axli'-^.'unril'i f.jr li.'vliirr riii i truil- 
ft\lt'H Holiil on '111* inuiii* [ilii^-- ;i\li'-^tj(4r»J'* for <iriv. 
ing-njile Ibrmcil l.y rivottiii.! nn i siJe of tnmt a 
|-inch [(Lit*-, ri\l!' > <il' I!!.*!, ifoii. 15ufl(.T-1*aiin 
of Kii^'lul, I. [IK. Ill I'lrlj.js lU't'p hy 6 ini li.Li ihi. k, wild 
,'3 111' li lihi'.f oil I'n^ut liiilcit; hiinl ■ iK'Jiin lo inches by 
(i iiii lirs with |V inch plat«. Out-iije fmnie i> iiu'htai liy 
j',, »itli ittroii),' 24-inch sn;;lci - iroD, extending the Aill 
ICD^h of the enj<ine, ami attactieJ at Caeb end to bollbr- 
beam, itud by stays to inside frame. 

Wheels and axles of malleiiblc iron, nit coupled, 4 feet 
6 inchvii dinmeter; Cfank and plain axle witb two bear- 
ingi». each inelies diaiuctcr by 6} iachM long; ovtaida 
4inuka lonnad aolid with wbael, and fitted trith cmDk-]itna 
Siadwdiamttor. Aib-tosM oT «Ht ma, «*«d iriA 
lnMbuahMi a^gaaraiMd]ilati^|iMhlgr*Iadw[|> 
urnh bMfe>platMb I iMh; S fbet 9 huh eentraa IVsiKng 
■priagi Tolttte, H iadm diameter, 8 inches high, two 
baiqg plaead ab^a tneh beaiiti^') nil tlie spring* are 
Atted with urewa, for adjiutment Cylindeia and valTe- 
elMst of cast iron, in two piece* lioltod together and to 
iuaide frame-pUtes; diameter 16 inchcis stroke of piston 
2t itiche!*, RU3un-i>ort« IJ inch by 1+ inchi^ exhaiut 
3J inches by 1+ inches, lap of v:ilv.? I : inch, li .vl inch; 
pist<iii . f i:v<t iron with brass [mkui^ ; ruil 2j iticlies dia- 
u!Lt r i iitri.r^s of i-.ust iron, with brjiw i(tr»|w; cxpan- 
Bi":i 'ii.ilx J 111 ht>s thirk ; slide-valve of brassi; reversing- 
gciM 1 11 1:1 ::i li^inuetcr, with hcJiriiij^-t on till* ni- tinn- 
platf , cjiriyiii^' linka, and balance-weight lio^ulutur c^a.^t 
iron, pliu>sd in dome 1 with vertiml face at up|it*r cml, I w j 
posts and slide-valve of brasa, joined to copper pipe Roing 
to siiiokchox and cylinder; bla'ft-piiw nf «tKt inin; bhul- 
orilice 4j inches diameter. Feed-pumps of cast iron, 
bukod tu mutiuQ plate and inside tVune-platei; littcd with 
brass ball, clacks, glands, and bu-diH; ran of walleabla 
iron, 2 tucliea diameter, worked from erowAaadj ttti and 
anetioB pipaa of aD|ifMr, 2 iaobta diamntor. 

PLATSS XXXT.*— XXZTin.* 

L u c omrnvn mum wt M— >, BmK, Pbaoooi; * On, 
lUmRinnn.— Thcaa ancpMa bm ahuaotiriMd tgr al^ 
gaM and finisb, in general form and arrangeoHBt, and 

in detail The broad and comprsheiMiTa dab Huhm- 

plate is here notic«a!.lc. It was (intl iutrodiiced by Mr. 
Beyer, many years .since, in the enijincs made by tlie old- 
established tirin of Sh»i|> Brutliein & Co. [now Sharp, 
8ti-w«rt, \- < ■•• I, and u nowgonerally adopU'iI in E»i;li»h 
]ir:i'.-tirH. '1 he bl;ort cast iron Must. |ii;.r- r.'iw liini,' just 
al'ivi- the lev,.'] uf the upper row of tiuw-tnlH--., is JiUu 
notii i-:i-.Ii-, 'l luf level of bla'it-piik) :;iv.-i lli.' 1 eit. ruMiit-'-, 
creating a su^rior dnkft witlt a wide orilic«, as oou>|«r«d 



with higher nituated blaatHjrifioea, and waa fint arrived at 
by Mr. Peaeodc, tiynieanaofaaariaiof %MU-«t(M|gMlax- 
parimola: It to aow ooomoB^r aidoiitod. Tbwtadc-locA- 
motive is, in genenal design and piopaitiM^ tite pndno- 
iim of Hr. Di Ckuit; tba eooatnMtivt datailiian by tha 
malcen. This aagioA an tab ft gnat kad at 200 tgoa 
belnnd it, up an TbcIIm of 1 is 58, wttb enrree, at 10 
inilea per liour, equivalent to a gross load of 900 ten* OR 
I a level It is made with a moderate fireliox, and a moda- 
rat<! numl-er of long Hue-tulies, spaced well apart, on tlie 
prinriiili-^ n lvumtwl by tlie author. It works very well, 
mill h:<- 11 ! linir. an abmdaot npiiljraf atMn, and 

is etuni'inii Jil in I'uoL 

j I'aJtteni/er A'liv mf. — Tlie cylinders are Ki incbi-i ilin- 
mct«r, 20 iru'li -s sti iike : drivin^-who^ls fi feet >j iiichta 
dIamelfT. lin- li-inlini,' uml liin i m Ih-i'Im ai- 3 feet G inrhisl 
diameter, and are of 14 toot >i ini lies centres. The crank- 
axle is 6j infliM tliami-l' T 11'. tin' middle, and at the jour- 

i iittis, which are Tj inches long, the throws of th" crttnka 
are i inches thick and 10 inches broad — being ^110111; yet 
elastic The axle ia 8 inches dinmeter in the wheel-ai-^ea 
The journals of the (on and hitid axlex are 4J ini<he!< ilkv 
meter, and 8 inohoi long. The firebox ia 3 teat 6 ineliaa 
wid«, and i fM loi^ having U tqaare feet of gnte nr* 
&oek Thar* am 171 tnhai, t inahaa diamatar, 10 ftat 
4t iadiaa kag, at Jdiieh cka HH iifl«^ ia ft btml S Alt 
11 iftsbas in dlaoMter, ^viag aVnadaaoe of waiter loipi 
afaotttttetniiM. TlMUaat^fieait41lne]utdiaiMtar. 

Goadt jn«j|MM^TIie cy]in<lers are 14 imbea hf M 
locbwatrolM; aix wheels, all coupled, 5 ftat tn diamatar, 
at IS &et C inches extreme centres. The firebox is i feet 
3 inches long, by 3 fc«t 6 inches wide at the grate, giving 
a grat* liiii.i uf ulnnu 1 "i squiirt^ feet There are 191 flue- 
tiibos, \: inchos outside diameter, and II feei 7i inches 
long, in a bami .4 Att in dianataB Blaat*«iflM 

4j ini'lifi*, 

T'l fK-Lc^' ■r:\. '■■>!! .iw — Cyliiiilc r<! 15 inches by 24 inidiea 
s(nik<'; fiuir wl.i-i'l-i, I'toijili'il, 4 (itA fi inches diameter, at 
S fuct (! inolii's L'cntri'!! ii[>art. The tirfliox in ^ fn-l 2 inches 
l.uii;. by .1 !«• fi irirlii-.< wi.le at th(» grate, whi"'i lirw 
I I Nip.uire fcrtof uri-n. ThiTc ant 1 Vi bra-ss tubes, I } iiiL-h 
outside diameter, and 11 feet -t inches lung, at fully | -inch 
cdearanee, in a barrel 3 feet 7 incheii diameter. The 
water- tank is below the boiler. The axles are fi inches 
diameter, anil 8 inches in the wiloeK journals 
9k by 8 inches long. The engine ia S3 too* weigiit in 
woildng order, and Ikoi 1 3 toiu oa (lie dfiTiaiffAtd^ and 
10 tou «a tlw l«ading-wb««Ift 

PLATE XXXIX* 

PiflomiB AID QcMHin TAMS-LoowannBt nr lai 
Touaur VomimT Cokpuit. Wiumfoir.— ISmm an. 
gincalvmlnddaandaintddo ^indan raspeeUfd/, and 
am fittid with Hr. DnW wad^^ftmotion. SnM l a-tw tk a 
are pbu»d on the top of the boiler, and K* iwmad aa 
1] to finish uniform wiUi »!«» firebox. 

i PtiiM)vjer Kiiij'iHf. — The cylinder* are 13 inche; by 
I 2H inches stroke; driving wlieela 5 feet 3 inches, extreme 
I wht-»-la 3 fiwtfi iiichen, at 12 foct 9 inches centres. The 

I tir./inx is 3 feet 6J inches long, by 3 feet S| irn-hes wi le 
I at llif ^jr.il.-, wlii.'li liiLi I-l ^jiinrc foct ar<Mi, Tii.' Inun-l 
y of boiler is 10 feet long, tclcscupiu, and 3 feet lU; inches 
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dianHiter, at Ute smftll euil next tlie Brebox There are 158 
limit tob«4i 10 iMt S iodiM long^ li^noh outtkl* diUM^ 
at iHDdi dMMnM Their united teetiotial mm h t9» 

Kiuare fevt. Tbo hoktilig mxfu» is lu follows : — 

Firvl.t 

TuL"^, iuni'Jti, ,,, ,„ 

■TaUd, 

llMivaiwIbariteaiii-iiipe.i of copper, 2i i 
There are two 4-ini!h tiafety valves. Th« tink hoI<la 450 
galloiMi, The gnuKO of the way la 5 fcot 3 inchw. 

(Sijoih HiiijiiH. — The i-ylii^ii'i-!! Hi iiiolitt liy 20 inchea 
Wheels, four coupled. 4 iutt 7 im-hts diameter. Firebox 
!■ (<•••<, I'lt^ '■■y .T feel 6 iuebrJ. givin^r i ^ i<.[imro fixt %tisa 
of grata. Tberu are SU7 tu' ios. 1 1 luch diameter. 

rr,.vTE xr.,» 

OooDej Locomotive, ux Ale.vaniier Ai.lak, PoTa — 

This engiini luullJUt-^illrf r \ limlera, w it li r;.iii- nmj.lfi wlit^K 
on i» system Tery poj.ijlai in So tlan i Die lircljux i-i j.,-; 

Ullf .it. tV.f lK>[l»-r |r:ut. Iff til'- ^i^]■■.s. Oir tul..r; in 

order t'> .idiiut iT'vatB-t t.».iiiii bie uuiiiLt.'r of t.iK-w iiiti 
the linrri/l. m.il t.> iii.tJiiri tlni (fnmtcit [.«i*is;iilc <iniin;:ty i<( 
healiug aurtiice. The craiik-piiin are very ftjidly pLa(.'e<l 
iu the wrhwlis «D<1 are well vrorlhy of iituJy. The liutfor- 
beMIM are hung entirely clear of the '"rt. tnollmr 
gfioi lisature. Thu cylinders are 16 inches by W iimhm, 
tm ooupteil wheels. 4 feet 7 iurhi^ diameter. Then M« 
SIS ImaB tuben, I j inch outaidc diameter, lU feet 7 incliea 
Umg. Th«g;niteiB8ftakSiiiabMwid<hMBdSIM6iiMliM 
long, luviog kbov* tl mfam hHk of aniL Tin haatim 
HufiMe i» M inUinni:^ 
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PLATE XLl.* 

Goons Locomotive, bt Soimrr SijfPLAiB. cHissTaucTEn 

HV NKll.Si N .V I ' , ( ;i..\,s<i()n-.— Thi.< is n i<]vinking engine, 
with Imi izi iiitiil outni'ic cylindera, and four i-oupiwi whwis. 
.1''i-':r.Jln'.' l-> tl;i.- pritKriplcs li.p.; ;uiil slj!y Wvlktxl uUt 
llr .Smoljiir. wliii iidld-i lli.jt tour ooupli-i whi-rU. pro|ii:rlv 
wt!i',;lili- 1 uri'. iip.Mi '11- T, sii]x;ri<'r in i,'-i!ierui i-lli- 

ciency to ^ix <-'oii[il.jd wli<^e!..s. I'ior ].:*^ii.i;>n of the ^team- 
diiiLi-. oviT Oil- front |»»rt of ihn firebox, is f^ood: it 
equalizes tliti diuti of &t«aiu fnmi tlie nilfervnt pnrta of the 
boiler t'.iMrurls tlio d»mtf. The wheels are large, ti feel I ineh 
diuneter, and the oylinders are l.S inches by Hi inoheB: 
from these dirneniiona mperior results are antidinted. 
Tliera is also a hMfy CMt^iwi fiioiplMth to giva liind- 
wei^t,- aiioth<:r good fwtai« 11m ilnliax it S tut 
H iudk wUa, nnd 4 ftat long; gMnf 1S| mmn ftrt 
■imorgMla TiMiMnflftlMlxiilvandadilMiviMcd 
tlmaglwit TltttnlNsanllliMi6| indmlDRg. The 
wliMit m at 15 fiat I incii •■tiHW ontMiL Tiwatean)- 
pdtte of Am figflliidan an 1| iiA leqg Iqr IS indiei wide;, 



PLATE XUL* 

TAMR^LoCOIiOim^ BT QlOMt SHffiUBD At 
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Wpreee tajiaa of moilerata length. It takes seven corria^, 
•taapaed of36 miles par hoar.on aninnf 474 nti!<N, with 
■ix atoppageo, with a caiMan|ition nf 7 lU of coke per 
mile. Itiici^abliBaflaltiqgaBrMiloadadflani^gM^andaM 
luggage TMk, op aaMlM'rfl ia SB, &i good ligri* Tha 
iqrliBidam an » ivIiM ligr U iMhat aMM^ tiM drivi^- 
wliaala an 4 fiat 6 intliai dlmalar, and Iha icImm 
centres it Miiiff wd Und azica an IS fiat • imbaa 
apart. Tha SmIiox h S ftM long, and S fiat 1 Inak «Ua 
ut the grated giving an area oif grate equal to alwre 
G aquan fiet. Tbaro are 105 tabai, If inch diameter, 
9 ftit • indMa k^g; ia a baml S fiat < iBcfaat dianatar. 

PLATE ZLOL* 

PASSKxnEB LnooMorrvK, bt ShaMT, SmriBT, h Co., 
HAKcavsTtn. — This engine compriaea aeveml nonltiet. 

The ordiiiiiry oai'ii--lnii> ii.'<; w.i[)«tsoi1<-.1 ?*y a cinmlar 
sruiile. within whi»:h a jiruIoEj^ation of tUt pLiton-rod in 
i.irrifil Til.' -.I^fiuii Ik IMLWil round thu I is.' of tlin .rliim- 
n.'V n:i it-s ■xny to the cylinders, in order to (v n'.i[>i'i lioiit<-d 
Titfro in i'liL ouf .^t*-.iiu I'ipt- rroiii tli'' iK'u'.iri^ chii"Qb._T. 
uj>on wliiea the rp.julii'.or is p.;o-v<l T.'il- or-linuiv ptinip--. 
(ire nuiwnwdi'd hy a dvtikiy-Lnj;iiiij at tljo si io ot tliL- fire- 
box, and an auxiliary puuip ti tixed under tlte boiler, to 
Iw wurke<] from the valve.eocentnG8 ia cases of need. 

The cylinders are 16 incheji<lianieter, 22 inchei) atruke; 
four coupled Ifbsels o feet, fixed wheels 3 feet I! iueht-n, 
anil extretae eastna of axKss 1 4 fevt ti inches niwrt. The 
tirebox i.s 4 S iaeheelong and 3 feet 4^ iiiclieit wide, 
giving UaiiaanCMk of grata, Than an IM flll•-tallal^ 
SingiMadianater, 10 fiet 74 imhea kiig; 

PLATE .\LIV.« 

T.^^•K- I/xviMimvfs. nv Robert Stkphk.vson & »;i>., 
.VM) liv (Ikiup^h llMn.ANi) icA'n. — The first of these en- 
gines hiui fiiur c Mii'.-d »1,«;1». and a four-wheel hoirji. 
under the foie j»:irt, to m.»., civ.'.ily round i iu viw 'I'l.c 
wnttT-taisk i« plo -t I i-onvcnii-ntly under tlie iixUplaU. 
;iiid sin- fiii-1 is .-l.-ovi-i iiw.iy l-rlon.l the cn^invnian. The 
li;;lit tour-wheel eouj>led tank-ein.dne. on the same plate, 
ly 'George F^iijjlnnd ii Co. is dwigne-1 for a short local 
traffic in minerals and agricultural prv>iluix>. The framing 
ia strong, and as tlie boder is Kinnll. there is plenty of 
room under it for the water-tank, and fr«« .ti^-t^ to all 
the working pitrtt of the machinery, which is simple. 

Tanii-LoecmotiM, foilk The OretM* ia of copper 

phite, ,V inch tUck, 3 fiat inafaea long, and S fiat 
f inob tride at tha gnta^ wUA haa lO-SS aqjuan fiat ana. 
Ilia flNbogMhall ia of <|V iaoh iron platen vxth vatar- 
ipBcei,B|iBdie8a(botlDn,SindiaBnttap. Oapparatay- 
boMa at 4'-{n(li oentrea. The faanal of th^boiler ia lOfiek 
long, 3 feet 7 i-r] .-i diameter, of iVinch phUa Rivets 
} iach. at 1^ iiilIi pittfh. The llue-tuboe, of brass, are 
I4.'i ill number, 10 feet 4 inches long, 1| iueh outxide 
diameter, and | inch dear, of No, IS to 14 wire-gauge; 
aaatioiul area 3-03 square feat, 

BtatiDs siirfiu-a of flnboa, at sfiMn ftft 

Total, 7«T 

Tba amefcahai K ia of 'i-bah plates, i-inch rivets, at 
Si Jndi ocnlna. Ilia eUmaav is 18 inolias diaaetar at 



uiyiiiz^cd by Google 



SBSCiimnnQi ov jhb labge ENoBATnroaL 



•81 



lMlloa,14 iiiilies fit tc|ih gf ^Mll*iikti^ t4iHh lirei*, 
nt 1 f-inoh centres. 

StentnpifKi .i incliea diaiin-tfr. l;l,i-it-[ti]«-, rr L;iil:itsng, 
.■!^ and ^>J iDcli oriticc. nt (i incht* (>«l.jw rrown m .'siiuikc- 
liox; 7i iiiclie-i iliaiiwUtr at IwUoni- Saffty-valvw. two, 
t inelies dinmvter, with l?v«n> baviog 3-ineh Mi<l 37i-tncli 
centr«!< : (lie l«v«i^re Wing M 1 to IS^ and tin ana of 
the valve 12^ M|iiurM inolicA. 

The cylinders nro I.'i iiu'lu* liy 22 iiichi^ at 2n5 in<!li 
OMltnib (liickueHti J inch; piston ijfV>rn.«is »4 inchw dcrp; 
pafldng inches, roil iti incht^ iliaiiifti^t'. 

8tMUn- ports 13 ioahesbjr 1 ^ inch. i3\)iaim<-porl-> 2i inches, 
bridge 1 iaA, Vnlve, tnrel H inches, lead ,\ inch, Inp 
liMh«itrfiia,aV>nBl>iiHUt.«|)iBd]«l|iniilk fioonitriw 
oTiait irM,6i-iMli timnr, 15 ianlMi dkaulir, t| iaAea 
iHdft. Bagnilitlor, nnm-imk, with 19^ iqium iaehM of 
ntnam-wy. Blotimt-liuB in Un ftia, H oAm tami ; 
•lide-blocka 8 iodMB lutg; Owmwtii^md boniag 2} 
by 24 incbM long- 

Driving and coapled wfaeela S fiwt 8 inelies diameter ; 
tyre 6 inelie* brotut, and plain for drivin;; and 5 irichca 
fur hind wheels, 2J inches thick; IG Hat spokes. Nave 
3 J inches thick round axle, and " j inchw lifvjx Drivin;;- 
axle cranked, ti inches diameter at middle, 7 inches in 
wheel, I'V + inehi-s long at crank jiin. iH-ariti^j 61 hy 
6 incJirt* hu;;,' . ;»xle s.mie hhx-i II ^'ib- wheels 3 feet 

<liametor, 10 apikctr, uavc i\ in<;hi"< iviii k round Uio axle, 
t> inches dffp; nxle.s 4i inchex -.a luiA iin, S| inobw in 
wheels, bearings 4 Viy inchei. ll f-'cr iq.iirt. 

8prinp» for C0UpI«l whwls ii h-- '. I ri j, 4 ioi lirs liroad, 
nineteen p!iiti^=i, 7,', inclies ili>i|i , I' r ici^ie, 4 feet (i inobes 
lonf;, i i-n liir* Imiad, 7,V '"A deep, liavin;,' eight long 
plutci. inch, seven short plstei ,V inch thick. 

Knuii'^ pla(«i 9 by 1 inch thick. Three tank*, collpc- 
tively 64)0 gallons. Coke-box 13 cwta. India-rubber 
dr»w-«prinff- 

Ligkt Ibdb-laemiiottM. — ^Fliafaax 1 iiwk It indiw hf 
9 Alt 1 Indiirid^ tHMiNl S IM 10 iadm diMDMlMV tabM 
S Aat 10 inebM loag. pj^ndm 9 imkm I17 IS indn 

aide^a»64MfleBtnii SdaftsowidiilwlObgriiJuliM. 



PtATB XLV.» 

PAncHont I/xMMuTivEs, bt J. J. Cudwoth. Ashfoiot, 

AND RV I). K. Ci.AnK, LosiiON — The fip't of these cn- 
j.nnes is specially de-il^ed for the proper conihaition of 
ivial; ffii.' iwciiliar fcjitun' is tl-.i- c'.iiiL'ii'i.-i firebox, with a 
long sIh[ in;; j^t*". Thi; nr.ti:rM atnl pi it'nrniarice of this 
style .if i-tiL;)Hi- li'-i ii r-.il-y trivih-.i In tin' 1 . .iy of this 
work, at [iuj.'e-- L'S' and S'*, witli re-ip-rrt tn it.'. <piiUili<!a- 
tions as a .tl 1 urtir r ami .•<t<;nm.]in>.iiii'-r- Tt? advan- 
tageous arranffcinerit .^s a cr^irriage. also, deserves notir*. 
The engine herein ilUistrnt*'d ii plnci-d on six wliwls, four 
coupled, at \S teet extreme centres, and the axles s|cice<i 
equi-dislantly. The ohvioiw facility afforiled for dispos- 
ing tiM hind wheels and axle forward, ander the load, 
cailta Kr. Oudworth to piaoe tlie ules at a modtnia 
diitaiua a|Mr^ and to dirtiifaate tbe wei^ of Cba tagiM 
•qpwQjroiitlwwImk nHW,l]w«mioiaini^ttiten^ 
iR voiUng odar. Mil Om load ia aiamk pNdMlr 84 ton 
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ToUl migbt, ... :!.'< toui » ewu. 
This iwriei't e<]uality of I<mkI i.'< nttiMned withont iMriOig 
r«C(Hirae to any of tite UKoat expedient* for ffjnalizinjy the 
load; and, as tbe total driving w«iglit amounts to 17 tons 
1 ewt, it is obvious that tho enffine is well <|ualitieil for 
lx>th goods and paasenijer tratfii-. 

Cylinilvns I 4 inches by 1!U inches strolce, ooa|ilod wheels 
.1 feet >< inches, leading-wheels :) feet S imbaai Finbox 
n re«t6iaebwb>i^3ftatS4iiMdMBwida}iHidediiridad 
longitudinally iuto Un ou<U{l>Tti«mt«,«aah oovpartmant 
beiog I ttat 7( inte wida. Grata 6 feet long by 
liH inalwaaa aaiih ddn^ . having altogetlier I9t aquan fiwt 
anft Pinl)0K-thdl7 Ihet l}incb long. Barrel 8 feet 
long. Thm am tlO tubes, 1| ineh diameter, » feci 1% 
inch Imi^ StoUooal area ihrm^ Janula^ l-^S ^qnwa 
feet Tlw heating aniboa it at feUowt;— 



Tubes (InsidsX 



Total. 



7M 

M2 



The I'asten^rr i-jfonurfici'. nn the same !.lit4!. by 1> K. 
('lark, is made witli I'lit.^i !c li'iii,^ii:i'.nl ■■v^iii'li-i-s, iiinl I'lur 
coupled wheels, T!io '•'ili.'ri* iiiaae ' ii '.lie 1 •ii;;-! • iler 
type, w itli a ,-.iuaK liif'tmx; tti'; <'vljiider-> are lu 'ft' than 
usually ipaced iijiart, to mako najni for double pairn of 
guiile-bars ouUide the leadinjj-wheeLs ; the outside frame- 
plates are thus snt out boa width of 7 fvmi H inchit^ uutfide. 
ari<l the leading-axle is correspondingly extended beyond 
the wheels, affording a clear way alx>ut the axle-lKixes, 
and largv iKtnringa. The vnlve boxes are placed under tha 
floor of the sniokelmx. The Ixiiler i.-« well eleviite<l altove 
tbe mnebiuery, and its central line is placed upwards of 
tftatatwratbalavalofthaniii. Zbu«, than it abuad- 
anat ct torn um jm im i t, vilh iini|ilititj' of dalail, and 
anqr aooesa. Tha trboia of tha vtim^mr, iadndiaf tha 
ravtniBg law, la ttlanttd ob Uw w^^bar abaft by « 
ooantartroight, to baaty and at tnth an tetttmadiata ai^ 
on tba tbaft, at to babaet in all poationt. A fiMMap, 
also, it applied to tbe reversing lavar, to aid in woriung 
tliB nvarnng gmr under steam. The driving-wheels are 
plaatd well forward, as much so as is eonsisteot with a 
proper len^fth of oontni>iing-rod, to (acilitate which tbe 
c-v ^iiiiiers uUii r.r-2 p'aix'il forward, and so a more 

nearly enjuai ilivtrliuil i .ti iif weight is effecte^i on tbe 
itiupleil wbeelii, riVvi fiirllc.r t" jirnnicttt (bi» object., a 
heavy cast-iron t'lm^fial'- ii aj.[ilit'd ln*lilnd the (irebox. 
The eiigiues ri;:i ptrtojt ^teaJiTn-s 'Hi tl'e (Ireit 

North of Scotland iijiilway, io: wliiirli tliey weie ile 
sii^nvd, and command abundance of steam, more particu- 
larly since tho a-JaptJitioti of tho eii<;ine*i by Mr William 
Cowan, the loivimotive snperintenilent. to the consump- 
tion of coal without smoke on Mr Clark's system. Tho 
driving and bind wheels are at 8 feet 6 inches centres, an^l 
tba wbole wheel faaaa is 14 CNi 6 inditi. Tbt 'wtij^t of 
tho t^ne in wnfciag oidaria dartriUiladaa ftUom:-- 

wbsslib ... „. ... <taatlOewtfc 

DiiTbg , ... 9 

Mad , 7 
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DESCRIPTIONS OF THE 1,AR0E ENGHAVING& 



Tba cyliaden an 15 indies by SO incbn sln>k« ; coupl«tl 
wheab 5 fint 6 incites, lesding-wheels 3 feet 6 incboa. 
Tb» flicbuc b 9 fcat lai«, 9 liwt e iBcbM «id«k ud 4 Ast 
di^ t» tkt g|9d^ teviair lot ■(Hra lM«f gnto nKfiwe. 
TlMM mt m ham tAm, 1} iuA (MtaUa diuMtv, 
I imli Omr, 11 M 41 jaOm trnf, ia » S M fl iaoh 
UrrBl; th« ehimiMr ii M tad tbt 1ik*«iaM k 
4i iaoiiM diaoMtar. 

LaUtliMii^HAceof finboi. ... sa wiiior* f«t, 
, „ tab«, ... 7aO „ 

TMstiatAM, ... BOB , 

The engiiii' i~Jiti laki-u ninxiiijum gross weight of train, 
of 210 tons, uj) an iialiri'' ot I in 1 (M) Rt 20 iiiiltsi jt r li^nr 
f)» (irilituiry fluty, it tnkt-.s uiiu' rmriageH, weighing fiS tuns, 
or with engine nnU leiidtr, ;t8 t'^ns j^ws, i«</ip[:infr ut. 
atntions avvragini; tliroe inilf^ uf-art, m mi iivi-mi;.' 
of 19 1 miles |M-r hour, on a line with aeveral ii«vere gra- 
dients and curves, with s gross consumption of 177 lb*, 
of ciiVe iir gtKol colli [K-r train-Qjile, or -IS iU per ton gross 
per mile, evaporating H to Un, of eoU water {Mr lb, 
of AieL Witb Iwatod iMd-water, the oonmoiptiaii would 
he redllOid, mf ISfMF «Mb, tO U lUi pW UtK ««|iMt 

■15 lb. per tan gron pvmihk 

FunXLTI* 

AinmBtw ViMMMOn l OUMUTI T ^ n DAMTOKTH. 

OooOt* Oa— Til* ABHriiiHi koamntiw bsrabMn very 
fcl^deacribsdiD dwMy offlMWOtkipagM 47*to78*'' 
In this engine, tlw dianalMutia ftrtww «f AmHkut 
pFBctioe are embodied. Tba finboz is isige; the gnte is 
of awl iron, with a dead piste next the tube-plate. The 
tirebox-shell ia tapered off to the diameter of the h.-»rrcl 
The '• iK'tlicoBt" hlast'pifie, to diffuiie tliia iwilion of the 
bluKt, in used, with the ctr.niil lijoi l^-c-.ktoher aini wins 
netting on the chiHinr\ ; tli<' ciiLsi li- h. riKi.iit-sl L-yliiiiitir 
with long cciiMC'Ctin^-rLHj, tliu f.:>ur-Liiu[.|t.l «li<-i-ls nnd 
the Bwivellin^; tnick, nr tmiji.', tl.i^ ri.r),'i-il irarniiig, the 
cow catrln-r in frurit, :iH'i tli.- oii tin- f i. t |i'.iitr 

The gauge of way i« 6 foct; the tirebux is 4 (trvt 
9 inches long, 3 fe«t 1 1 inches wide, and .5 fwit high above 
the grate, whioh has l»-33 sqimn- fwt urea The harrt^l 

b4 feat in dianater, and th^ir- m,- i.vi t^iu-n ii feet 
long. Theoylinden an 17 im-hea by 22 tnclieji Ktroke, 
witli asperate bhMt-pi|M«i, H to 3] inchest diaiueter; lead, 
i^wheai* »<«atCiiidii^UMl hqgie SO inolMi^ et 5 feet 
SiMbmlm. Ttwlngthef whMt4iM« toitophratef 
tl»lic«^isl8IMHiMli. 

PLATE XLVIL* 

AamMAH WoMMmuion PAnsMOEs Locoiioms, vt 
WnuAii TtJMK h OOL— Qnge of w«qr * fset 6i inaiitni 



The firebox is 4 feet 6 inches long by S feet 1} inch, 
giving \i-2!> wpiare feet area. Then ere 1S6 lubes, 
S inebsa diameter, 11 feet 3 inelMa Iaa|^ Oylinden IS 
iodMe by 28 iacheai Wbeelaef <Mtinii,S flMtC Ini^ 
atiMii pMrta 14 hy H iaOm, Miit wMm ij Inches. Bc(^ 
vlMdi n ingli^ nt S M 8 indi onitaw HhmMim 
Mtatlo^topiwi 

Pun XLVllL* 

1 AMEKirAK FrkIOIIT EnOINE, Vt M. W. BALDWIN & 

' Ca — This engine u plaml m> eight wheds all i«upl«<], 
i.t' wfiiih the four first are placed in u nwivol franie, 
turnir.L' uii two (livots, like « (lerallel ruler, no that 

tin! iU.it!B licr net rnai.it'j t.j tli'.' curves, us nn ordinar)' 
Ixi^'ie tnirli, l,ut ].ri-!H'r\tj tljcir juirallrUniri to the 
■:jtli.T .'ixIfH. Tl:.' hiijij axle is placed i;i;iltr tli.j tiie- 
b'j.x. mid wliilc till- \v 1 n'i:] ! «.■><■ is thus iiiiiitcl, un i'i|Ual 

lli-.l I ill lli'ijl nf WL'ii^lit I II ihi' ^liLlls Is i.il)tajlifll- 'riw 

cylindcrrs are out«i<iu, and inclined, iH inches by 2M inches 
stroke; wheels +3 inches diameter. Driving-axle fi inches, 
other axles 5j iocliea diameter; extreme axles, l-t feet 
2 inches apart. The firebox is of ,V>u>^li iron [>1>''> ^' 
oept tube-sheet, } inch ; it is G feet 6 inches loog^ and 

IS feet 104 inches wide, preHenUng 181(0 aciiuire (tet «f 
grat»MiiCuak The hers are of caet iron, aad ars esat in 
pain. Tba iMMi^nantniHfiHMikaBddMirMdiMii 
on the tqmm edgM «f Hkt ddn-pMa& Than an 110 
wroiight-inm Aia^iilii^ laeh eatride dinMlar, 11 ftat 

I eiaeheakog. Tliebaml<ftlMboil«riitdanipi^HMHi 

II diMDaler S ftek 7i inehei. ThetMOar it ef A->nol>ban 
J{ plate, ezeept thesmokebox tube-plate, ^ inch. TIte blaat- 
i orifloe is adjustable, and is plaowl in a short chimney in 

the sniokobux, beneath and separate from the cliiii iii y 
above. The gauge of way is i foet incliw, and the 
engine a- >li wn in the plan on a com e(190 Attndtait 
witti the e>wivei.axltd in |Kjsiti<.~ri. 

PLATE XLIX* 

This plate rompriseia cross sections iiud eievaUoiiA of 
^liLsoii'snnd Bitldxvin'M engiiif:*s. It cotitaiti.-^, alxo, nn illus- 
tration of the well-dealgneil truck employed under the 
engines of the Haltiiiiore and Ohio Riulway, fruni CnptAin 
Gelton'a Export on ik* RcMvajft <^ th« UiiiUd 8taU*, 

PLATE L» 

Contains the tender far Haaon's engine, and aennl 
Twwa of BaUvin*! tender. TbqraMbodipbnlanc^ilit 
whad^ or two trocka of fcnr vbeda each. The hnJce- 
Uoeka an hmtg Igr ehniM^aod Oin hnkw an-voifcad 
Hucn^ the BHne OHdiais fo «Har to neennnodBls tiM 
Imfce to the action of the tmta. 
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